INTRODUCTION 


The  pine  foresee  of 
more  productive  forests  in  the  world.  Over  115  million  m3  of  round- 

of  the  totel  U.S.  softwood  fiber  production  (U.S.  Forest  Service,  1980). 

to  continue  to  decline  in  the  foreseeable  future  (Forest  Industries 
Council,  1980).  Thus,  the  predicted  yield  increases  will  only  be 

duccion  from,  the  available  forest  lands. 

planting,  has  been  an  accepted  practice  of  southern  pine  management  for 

teada  L.)  and  slash  pine  (P.  elliottli  Engelm.  var.  elllottil)  over  a 

the  coast  (Pritchett  and  Smith,  1979;  Terry  and 
and  Flaig,  1980).  Site  preparation  is  widely  uj 


e benefits  o 


le  intensive 


w Zealand  < 


(Haines  et  al.,  1975; 


operations. 

decline  of  productivity  in  ful 
Pricchett  and  Wells.  1978). 
of  declines  of  productivity  ii 
Australia  (Keeves,  1966),  i 

understory  competition,  and  reduced  water  availability  have  all  been 
has  been  nutrient  depletion  (Hollis  et  al.,  1979). 

have  not  been  documented  in  the  United  States.  Nevertheless,  our  concern 
appears  well  founded.  The  southern  pine  region  falls  within  three  physio- 
graphic provinces:  the  Appalachian  Piedmont,  the  Gulf  Coastal  Plain,  and 

dividual  nutrients  over  several  rotations,  and  the  demand  placed  upon 
quately  investigated.  Even  less  is  known  about  the  impact  of  intensive 


The  objectives  of  this  investigation  were  to 
Quantify  nutrient  contents  and  distribution  in  a natural  pine  flat- 


Quantify  nutrient  removal,  translocation,  and  loss  associated  with 
varying  intensities  of  harvest  and  site  preparation  and  evaluate 
these  losses  in  the  context  of  the  capability  of  the  site  to 


Investigate  the  physical  and  chemical  changes 


LITERATURE  R1 


Documentation  of  declines  in  site  productivity  over  several  forest 
rotations  has  proven  difficult.  Differences  in  stocking  rates,  tree 
genotypes,  and  management  practices  such  as  drainage,  fertilisation, 

of  yield  data  from  successive  rotations.  Comparisons  of  yield  from 
forest  stands  which  were  managed  by  different  methods  have  proven  help- 
ful, but  have  been  restricted  to  use  where  stands  occurred  on  similar 
soils,  were  regenerated  from  the  some  seed  source,  and  for  which  accurate 
records  were  available.  Since  locations  which  meet  these  restrictions 
are  limited,  investigators  have  had  to  approach  Che  problem  indirectly. 
One  approach  which  has  proven  useful  is  ecosystem  analysis  (Ovington, 

inputs,  exports , and  internal  cycling  as  a basis  for  making  inferences 
about  the  effects  of  management  activities  on  site  productivity. 

A reasonably  large  data  base  on  Che  distribution  and  cycling  of 
nutrients  in  some  important  forest  ecosystems  now  exits;  however,  care 
must  be  exercised  if  misleading  interpretations  of  these  data  are  to  be 
avoided.  Interpretation  of  soil  nutrient  reserves  are  particularly 


troublesome.  Calculations  of  nutrient  reserves  on  the  basis  of  instan- 


taneous soil  tests  of  the  surface  horiaon,  as  are  commonly  reported,  do 
not  reflect  the  depth  to  which  crees  root  nor  do  they  reflect  the  chemical 
processes  by  which  nutrients  become  available  to  the  tree  (Stone,  1973). 
Our  knowledge  of  nutrient  inputs  and  exports  is  also  limited.  Thus, 
conclusions  reached  on  Che  basis  of  these  data  must  be  considered  tenta- 


tive until  tested  in  a more  systematic  manner. 


Nutrient  Distribution  In  the  Major  Forest  Biomes 

Excellent  reviews  of  the  literature  on  nutrient  distribution  and 
cycling  in  the  major  forest  biomes  are  available.  General  reviews 
of  nutrient  cycling  in  the  boreal  (Krause  et  al. , 1979),  temperate 
(Ralston,  1979),  and  tropical  (Cole  and  Johnson,  1979)  forest  biomes 
were  recently  published  in  the  proceedings  of  Che  Fifth  North  American 
Forest  Soils  Conference.  More  complete  reviews  of  the  available  litera- 
ture on  specific  forest  ecosystems  are  also  available;  the  reviews  by 
Duvigneaud  and  Denaeyer-DeSmet  (1970)  on  the  distribution  and  cycling 

forests  of  Central  America  by  Golley  et  al.  (1975)  are  particularly 
noteworthy. 

The  distributions  of  nutrients  in  representative  mature  forest 
stands  within  the  boreal,  temperate,  and  tropical  forest  biomes  are 


presented  in  Table  1.  Variability  between  sc 
the  biomes.  Comparatively  larger  quantities 


mineral 


Nutrient  F! 


utrient  fluxes  in  a forest  ecosystem 

loss  associated  with  harvest  and  site  preparation  can  be  assessed. 

These  fluxes  have  been  considered  as  belonging  to  either  a biological  or 
geochemical  nutrient  cycle  (Remexov,  1959;  Duvigneaud  and  Denaeyer-DeSoet 
1970).  In  face,  no  such  distinction  exists.  As  Halkonen  (1974)  has 

cal  cycle  which  modifies  the  transfer  of  nutrients  from  the  sea  and 
atmosphere  to  the  ecosystem.  This  is  exemplified  by  the  role  of  living 

Processes  which  are  associated  with  the  flow  of  nutrients  across 


liccer  fall  and  decomposition,  are  useful  for  evaluating  short  terra 
responses  to  site  disturbance  and  their  effect  on  tree  nutrition. 


plant  nutrients  can  enter  a forest  ecosystem  as  ions  dissolved  in  ra 

biologically  fixed  gasses.  Bulk  precipitation  Inputs,  which  include 
both  dissolved  ions  and  particulate  fallout,  have  been  the  most 
thoroughly  documented  of  these  inputs.  Wide  ranges  of  values  have  bi 
reported  for  all  elements.  In  general,  annual  inputs  of 
are  greatest  near  oceans  and  decrease  inland  (Chamberlain,  1975); 
however,  anthropogenic  sources  may  increase  concentrations  over  large 
regions.  Swank  and  Henderson  (1976)  reported  greater  Inputs  of  both 
cations  (Ca,  Mg,  K,  and  NH^,)  and  anions  (NO^  and  PO^)  in  watersheds  which 
were  located  near  coal  burning  electric  generating  stations  (Walker 

(Coweeta)  within  the  Appalachian  Highlands.  Most  of  the  increased  inputs 
at  Walker  Branch  were  attributed  to  dry  particulate  fallout.  The  magni- 

Southeast  are  typically  equal  to  or  less  chan  those  reported  for  Walker 

heavily  industrialized  Northeast  (Table  2).  These  inputs  are  lower  than 
have  been  reported  for  industrialized  areas  in  Great  Britain. 

tion,  and  biological  fixation  have  not  been  thoroughly  investigated. 


of  chose  deposited  on  open  ground  (and  measured  in  bulk  precipicacion) 
are  dependenc  on  source  locations,  wind  characteristics,  and  canopy 
properties.  Morphological  characteristics  of  the  vegetation,  such  as 

with  bulk  precipitation  in  most  forest  ecosystems  (Mayer  and  Ulrich, 

soil  as  NH^  (Ingham,  1950)  but  it  seems  unlikely  that  the  contributions 
from  this  source  are  large.  As  Miller  (1978)  has  pointed  out,  an 

the  N-fixation  of  red  alder  (Alnus  rubra  Bong.)  could  exceed  300  kg* ha  l. 

(1970)  and  10  kg.ha-1.yr_1  by  Permar  (1980)-/  in  nacural  stands  of  slash 

Mon-symbiotic  N-fixation  occurs  in  both  the  soil  and  leaf  canopy. 
Phyllosphere  fixation  has  been  estimated  for  mature  Douglas-flr  (Jones, 


f Florida,  Gainesville. 


N-fixaCion  in  Che  soil  is  also  low,  probably  on  Che  order  of  1-2  kg*ha  1 • 


leaching  and  surface  runoff  are  well  documenced.  Cole  and  Rapp  (1981) 
summarized  Che  resulcs  from  14  foresc  scands  which  have  been  monicored 
in  conjunction  wich  Che  InCernaclonal  Biological  Program  (IBP)  and 
included  daca  from  major  foresc  cypes  chroughouc  Che  world  (Table  3) . 
Wich  few  excepcions  chese  daca  indlcace  chac  N and  P losses  from  undis- 


7 kg.hg  ^ • yr  1 for  five  mixed  loblolly  and  slash 
.n  Mississippi.  Losses  of  inorganic  P and  soluble  Ca, 
Mg,  and  K were  low,  averaging  0.04,  6.2,  3.1,  and  3.3  kg. ha  -yr  , 

CoasCal  Plain  by  Riekerk  ec  al.  (1979).  Average  exporcs  of  Inorganic 
N and  P,  and  soluble  K and  Ca,  in  surface  runoff  and  deep  leaching  were 
0.6,  0.2,  2.4,  and  7.0  kg-ha  l*yr  , respeccively. 


leachace  collecced  ac 

Table  3.  Schreiber  ec 
pine  wacersheds  ii 


3.  Elemental  leaching 


— ^Depth  at  which  leachate  was  collected. 


c (Sharpley  ai 


Syers,  1979). 


Research  ii 


nutrients  associated  with  sediment,  are  low  in  forested 
(Fredriksen  et  al.,  1975).  McColl  and  Grigal  (1979)  ust 

to  calculate  sediment-associated  nutrient  losses.  They 
of  N,  K,  Ca,  and  Mg  to  be  less  than  0.1  kg. ha  -yr  . These  li 

n forested  watersheds  ii 
sediment  can  be  twice  as  large  as  dissolved  losses  (Duffy  et  al . , 1976) 
although  these  losses  are  still  less  chan  0.2  kg-ha~*.yr~*  (Duffy  et  al., 

Gaseous  losses  of  N result  from  biological  denitrification  and 
from  volatilisation  during  wildfire.  As  Wollum  and  Davey  (1975)  have 

natural  stands  exist.  Those  studies  which  have  been  conducted  have 
generally  failed  to  detect  appreciable  denitrification.  Denitrification 
losses  from  flacwoods  soils  of  the  Southeast  do  not  appear  to  be  large. 
Boomsma  and  Pritchett  (1980)  failed  to  detect  appreciable  denitrification 
from  undisturbed  flatwoods  forests,  and  losses  following  application  of 
400  kg/ha  urea  amounted  to  only  9 kg/ha.  In  contrast,  volatile  losses 
of  N during  fires  can  be  large.  Estimates  of  such  losses  range  from 

of  only  28  kg/ha  during  prescribed  burns  in  young  pine  plantations  in 


•e  282,  75,  and  33  kg/ha,  respectively. 


nutrient  balance  of  undisturbed  forests.  Nutrient  budgets 
significance  of  differences  in 

be  evaluated.  H( 
inviolable  as  they  have 


and  export.  For  instance,  information  on  36  sites  was  reported  by  Cole 
and  Rapp  (1981)  but  biological  N-fixation  was  estimated  for  only  2 of 

for  any  of  the  sices.  Thus,  the  nucrienc  balances  reported  for  these 
ecosystems,  as  is  the  case  for  most  ecosystems,  were  incomplete. 

Nitrogen  tends  to  accumulate  in  forest  ecosystems  between  fires  or 

reported  for  the  Merelewood  Research  Station  in  Great  Britain  (Cole  and 
Rapp,  1981),  but  these  are  unusual.  The  fluxes  of  P,  K,  Ca,  and  Mg 
are  closely  tied  to  parent  geology  and  both  positive  and  negative  net 
fluxes  have  been  reported.  Studies  of  nutrient  budgets  of  undisturbed 
southern  pine  ecosystems  growing  on  infertile-sandy  soils  have  indicated 
that  chese  systems  accumulate  all  major  nutrients  (Rlekerk  et  al.,  1979). 
Cycling  rates  within  forest  ecosyscems  vary  according  Co  major 


residence 


is  translocated  for  either  coniferous  or  deciduous  species  .- 

K are  strongly  correlated  with  biomass  production.  The 
correlation  is  somewhat  weaker  for  deciduous  species  in 
regards  to  N uptake  and  requirement. 


efficient  than  those  in  the  temperate  region.  Apparently, 
the  efficiency  of  production  per  unit  of  N uptake  increases 
as  N becomes  more  limiting. 


different  than  the  cycling  rt 


a representative  of  the 

e 4.  Nutrient  cycling  rates  of  slash  pine 

ates  reported  for  Jack  pine  (Pinus  bankslana 
forest  biome.  Conservative  nutrient  cycles. 


Mechanized  clearcut  harvesting  followed  by  intensive  sice  prepara- 
tion and  machine  planting  has  become  the  silvicultural  mainscay  of 
pine  plantation  management  throughout  much  of  the  industrialized  world. 
Mechanical  site  preparation  is  almost  universal  in  the  pine  forests 
of  the  lower  Coastal  Plain  where  the  low  relief,  sandy  soils,  and 
large  block  ownerships  combine  to  make  these  sites  favorable  for  mech- 

Excellent  general  reviews  of  site  preparation  objectives,  techniques, 
and  offsite  consequences  are  available  (Post,  1974;  Chavasse,  1974). 

Site  preparation  practices  specific  to  the  southern  pine  region  have 
also  been  reviewed  (Haines  et  al.,  1975;  Terry  and  Hughs,  1975;  Burger, 
1979).  The  primary  objective  of  sice  preparation  is  to  increase 


“! 

23 

2 §§ 

iii 

| 33 

;•  §s 

iii 

!fv 

| as 

2 22 

! 33 

:•  3- 

252 

1 

! S3 

2 25 

3~S 

s 

ai 

2 ft 

222 

r 

Is' 

§ §H 

1-2 

.Hi 

2 §5 

" i BS 

S2S 

255 

M 

2 ■: 

S!  3 3 

= 3. 

5 ” 

— 

•Si  g 

33 

2 ” 

3*2 

!«s“ 

S3 

2 i§ 

2"3 

23 

5 ss 

22 

2 g§ 

I 

— 

| 

I 

ih 

if 

1 il  1 If  s 

ill  1 

seedling  survival  and  grouch.  The  specific  aims  do,  however,  vary 
becween  locations.  Burger  (1979)  summarized  chese  as  including 

2.  Increase  moiscure  availability  by  eliminating  competing 

3.  Facilitate  planting  by  eliminating  cull  trees  and  logging 

7.  Control  insects  and  disease. 

8.  Improve  nutrient  availability  by  breaking  down  and 


Early  attempts  to  prepare  cucover  lands  using  farm  equipment  were 
not  very  successful  (Wilhite,  1961)  and  were  quickly  replaced  by 

forestry  operations  (Haines  et  al.,  1975).  Four  basic  mechanical 
operations:  chopping,  harrowing,  windrowing,  and  bedding,  are  currently 
used  for  site  preparation  in  the  Southeast.  Chopping,  which  is  the 
least  disruptive  of  these  operations,  consists  of  pulling  a large  drum 

residual  slash.  Disk  harrowing  is  often  utilized  on  sices  with  strongly 

entails  pushing  woody  vegetation  and  organic  debris  into  long  piles 
using  either  a KG-blade  or  rootrake.  This  site  preparation  technique 
is  normally  used  on  sites  occupied  by  heavy  hardwood  scrub,  or  which  are 
particularly  rough  and  not  easily  prepared  for  planting  by  other  methods. 


A 


The  piles  are  either  burned  or  left  to  naturally  decompose.  The  bedding 
operation  is  the  final  operation  in  site  preparation  and  usually  follows 
one  of  the  aforementioned  techniques.  Raised  mounds  on  which  seedlings 

shaped  roller  behind  inward-turned  concave  coulters.  The  bedding 
operation  is  the  final  operation  in  site  preparation  and  usually  follows 
one  of  the  aforementioned  techniques.  Approximately  55%  of  all  indus- 
trially owned  lands  in  the  Southeast  are  prepared  by  windrowing,  40%  are 
chopped,  35%  bedded,  and  at  least  18%  disked  (Broerman,  1978). 


Harvest  Removals 

The  quantities  of  nutrients  removed  under  various  harvesting 
regimes  have  been  documented,  or  can  be  calculated  from  data  generated 
les,  for  most  commercially  important  forest  types. 

'e  reviews  of  the  available  literature  on  removal  rates  in 
short  rotation  plantations  (Hansen  and  Baker,  1979) , medium  age  forests 
(Morrison  and  Foster,  1979),  and  long  rotation  systems  (Marian,  1979) 
have  been  completed  in  conjunction  with  a recent  symposium  on  the 
impacts  of  intensive  harvesting  on  forest  nutrient  cycling.  Literature 
reviews  have  also  been  completed  for  specific  forest  ecosystems  (Patric 


nutrient  balance  after  logging:  Nutrient  reserves  and  losses  in 

Preprint  of  a paper  presented  at  the  Symp.  on  Impact  of  Intensive 
Harvesting  on  Forest  Nutrient  Cycling.  Syracuse,  NY.  13-16  Aug. 


sufficient  quantities  to  balance  hi 
• K.  Ca,  and  Mg  are  generally  c< 
rotations  even  in  the  absence  of  any  atmospheric 
Reports  to  the  contrary  (i.e.  Green  and  Grigal, 
1980)  have  been  based  on  mineral  reserves  of  shallow  soils  determined  by 
using  weak  extraction  techniques. 

commercially  important  forests.  Weetman  and  Webber  (1972)  calculated 
that  complete  tree  harvest  of  a 65  year  old  black  spruce  stand  would 

tively.  This  amounted  to  a 3002  increase  of  N and  P and  a 200%  increase 
of  K,  Ca,  and  Mg  removal  above  that  which  would  be  removed  in  a bolewood 
harvest  to  an  8 cm  top.  Similar  increases  have  been  reported  for 


harvested  using 
able  bolewood  h. 
management  schei 


s such  as  proposed  b; 


h (1980).  Koch  proposed  a 


trees  would  be  harvested  with  their  taproot  and  c 

nutrient  concentration  of  loblolly  pine  tissue,  t 
under  such  a system  can  be  calculated  (Table  5). 


N,  P,  K,  Ca,  and  Mg  which  1 
k precipieadon  inputs  by  31 


two  16  year  rotations  w: 
al.,  1975).  These  real 
S (Table  2). 


Accelerated  Leaching 


stlmates  of  leaching  losses  following  harvest 
site  preparation  for  a number  of  forest  types  and  harvest  c< 
presented  in  Table  6.  Generally,  increased  nutrient  export  i 


limited  to  the  first  few  years  following  harvest 
typically  occur  during  the  first  post-harvest  ye, 
by  Sopper  (1975) , are  minor  when  considered  over 
conventional  rotation.  Nitrogen  losses,  which  ot 
are  most  significant.  Orthophosphate,  which  is  i 
readily  complexed  by  soil  organic  matter  and  doei 

nutrient  reserves  (Table  1).  The  large  N 1< 
at  Hubbard  Brook  reported  by  Likens  et  al.  i 

and  site  preparation  study  at 
vegetation,  either  planted  o: 


r primarily  as  fco. 


es  not  leach  in  signifi- 

s following  deforestation 

hould  not  be  interpreted  as  a harvesting 
o material  was  actually  hi 
ir  natural,  was  allowed  ti 
Investigations  of  commercial  dearcuts  in  ch 
area  have  reported  much  smaller  N losses  (Pierce  et  al.,  1972). 

In  general,  the  soluble  export  of  macronutrients  increases  1 
Che  degree  of  disturbance.  Intensive  site  preparation  which  inc: 
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; following  cl 


e practices  are  most  common  have  not  reported 
e activities.  Hollis  ec  al.  (1979)  reported 

plus  P fertilized  watershed  in  the  wet  savannah  of  Florida  were  only  0.1, 

(Table  6).  The  results  of  a study  concerning  the  impact  of  two  intensi- 
ties of  harvest  and  site  preparation  on  nutrient  exports  from  a flatwoods 
forest  have  been  reported  by  Rlekerk  (1981).  He  failed  to  detect 

in  runoff  from  watersheds  which  were  undisturbed;  clearcut  harvested, 
chopped,  and  bedded;  and  clearcut,  chopped,  burned,  windrowed,  harrowed, 

watershed  were  greater  than  the  exports  from  either  the  less  intensively 
prepared  or  undisturbed  watershed  during  the  ti 
differences  could  not  be  detected  during  the  fi 


rotations  throughout  the  east 
losses  are  generally  limited 


»sion  occur  following 
generally  of  short 
i the  context  of  conventional 
States  (Patric,  1976),  large 

the  west  (Fredriksen, 


ing  related  erosion  results  from  road  construction  (Stone,  1973; 
Anderson  et  al.,  1976).  Fredriksen  (1970a)  reported  that  sediment 


yield  from  a i 


western  Oregon  wl 
tt  require  road  ci 

ed,  which  required  road  construction,  was  100  times  greater  than 

e impacts  of  forest  management  activities  on  sediment  production 
recently  reviewed  by  Yoho  (1980)  whose  summary 

tw,  ranging  from  trace  quantities  to  a 
ha/yr.  Sediment  losses  from  watersheds  which 
led,  thinned,  or  carefully  clearcut  are  within 


maximum  of  0.7  metric  toi 
have  been  periodically  bi 
this  range;  however,  large  increases  in  sediment  production  were 

The  effect  of  different  site  preparation  methods  on  sediment 

Plain  (Beasley,  1979).  Only  small  differences  in  sediment  losses 
between  chopped;  sheared  and  windrowcd;  and  sheared,  windrowed,  and 

12,  13,  and  14  metric  tons/ha,  respectively.  Sediment  yield  from  the 
control  watershed  was  0.6  metric  tons/ha  during  the  same  period. 
Sediment  yields  following  comparable  intensities  of  site  preparation 

these  values.  Riekerk  (1981)  reported  that  the  sediment  yield  from  a 


tons/ha  during  the 


pine  region  during  the  first  post-treatment  year.Jl^ 
Management  activity  yields  reported 


Undisturbed  natural  forests 
Pine  plantations 

Periodic  burning 


Mechanical  site  preparation 


(1980). 


Estimates  of  sedii 


lent  loss  following  harvest 
it  available  for  the  southern  pine  region. 

;e  elements  from  the  most  intensively  prepared  site 

•ear  were  7.1  and  1.4  kg/ha,  respective- 
7 kg/ha  N and  0.6  kg/ha  P during  the 


Volatilization  and  Denitrification 

Pritchett  and  Hells  (1978)  estimated  8 losses  to  be  between  200-300 
kg/ha  for  complete  bums  on  southern  pine  sites.  Increases  in  soil  pH 
and  nutrient  availability  and  better  post-harvest  soil  conditions  could, 
in  theory,  also  stimulate  N losses  through  denitrification.  Any  such 
Increases  are,  apparently,  offset  by  the  accelerated  rates  of  N 
fixation  which  have  been  reported  followed  fire  (Jorgensen  and  Hells, 
1971).  Gaseous  losses  of  S and  particulate  export  of  P,  K,  Ca,  and  Mg 
in  flyash  also  occur  (Lewis,  1974)  but  the  magnitudes  of  these  losses 
have  not  been  quantified. 

Nutrient  Displacement 

The  movement  of  harvest  slash,  residual  vegetation, and  soil  into 
windrows  by  tractor-mounted  rakes  and  blades  has  been  estimated  to 
displace  up  to  1400  kg/ha  N in  pumice  soils  of  New  Zealand  (Hebber, 
1978).  Although  this  material  is  not  actually  removed  from  the  site. 


plan  cation. 


Although  windrowing  is  accepted  as  a potential  source  of  site  produc- 
tivity decline  in  the  southern  pine  region  (Haines  et  al.,  1975; 
Pritchett  and  Wells,  1978;  Williston,  1980)  few  estimates  of  the 


nutrient  content  of  windrows  exist.  Burger  (1979)  estimated  that  the 
total  N reserves  of  a windrowed  site  in  central  Florida  were  479  kg/ha 
less  than  on  an  adjacent  site  which  was  chopped-only.  Phosphorus  and 
K reserves  were  13  and  23  kg/ha  lower  on  the  windrowed  site.  Similar 
estimates  have  been  reported  by  Hollis  et  al.  (1979)  and  Pritchett  and 

:h  yarding  areas  or  delinking  gates,  also  exist 


but  are  less  systematic  and,  consequently. 


important 


ing  the  nutrient  status  of  the  site.  Nutrlencs  are  systematically 
transplaced  during  the  bedding  operation  (Haines  and  Pritchett,  1965; 
Shultz,  1976)  but  the  distances  Che  materials  are  moved  are  small  and, 
thus,  do  not  result  in  a net  removal  of  nutrients  from  the  planting 


Nutrient  Mineralization  Following  Harvest 
and  Site  Preparation 

The  principal  effects  of  harvesting  and  intensive  site  preparation 
treatments  used  to  regenerate  southern  pine  occur  at  Che  soil  surface. 
Changes  in  factors  which  govern  the  activity  of  heterocrophic  organisms 
are  reflected  in  mineralization  rates.  The  interaction  of  mineralized 

water  dynamics  largely  determines  the  quality  of  water,  and  dissolved 


nutrient  export,  from  harvested  watersheds.  Despite  the  widespread  use 
of  intensive  site  preparation,  and  the  generally  acknowledged  benefits 
these  techniques  have  on  seedling  nutrition  (Haines  et  al.,  1975; 
Pritchett  and  Wells,  1978),  relatively  little  information  is  available 
on  the  mechanisms  through  which  they  influence  mineralization  processes. 


growth,  or  activity 


Nutrient  mineralization  is  a biologically  mediated  process  which 
is  controlled  by  chose  factors  which  alter  the  species  composition, 

ich  discuss  the  various  chemical,  physical,  and 

68;  Stotsky,  1972;  Dickinson,  1974).  These 
e availability,  C/N  ratio,  growth  hormones, 
inorganic  nutrients,  temperature,  moisture,  solar  radiation,  pH, 

points  out,  a change  in  one  of  these  factors  affects  the  others.  Por 

cause  direct  changes  in  the  soil  atmosphere,  pH,  oxidation-reduction 
potential,  and  thermal  characteristics.  Despite  the  complexity  of 


Moisture.  Periodic  drying  and  rewetclng  has  been  recognized  os 
(e.g.  Lebedjantzev,  1924).  Recent  investigations  have  demonstrated 


explosion  of  microbial  activity 


stimulated  by  amino  acid  release  (Birch,  1960)  and  the  decomposition  of 
microbes  killed  during  the  drying  process  (Lund  and  Gdksoyr,  1980). 
Phosphorus  availability  may  be  greater  during,  or  Immediately  following, 

solubilised  as  ferric  iron  is  converted  to  the  ferrous  iron  form 
(Mulder  et  al.,  1969). 

ture  levels  have  not  produced  consistent  results.  The  use  of  soil 
water  content,  or  soil  water  content  adjusted  for  water  holding  capacity, 

years  there  has  been  a shift  away  from  the  use  of  these  traditional 
measures  of  soil  moisture  and  toward  use  of  more  direct  measures  of 

most  rapidly  at  soil  water  potentials  approximately  equal  to  field 
capacity  (-0.1  to  -0.3  bars).  At  lower  potentials  these  processes 
decrease  in  two  distinct  phases.  A rapid  decrease  occurs  at  potentials 
between  -0.3  and  -10.0  bars.  This  decrease  has  been  related  to  the 
logarithm  of  the  water  potential  by  a number  of  investigators 
(Bhaumik  and  Clark,  1947;  Miller  and  Johnson,  1964;  Singh  et  al.,  1969). 

gators  and  developed  generalized  equations  for  predicting  decomposi- 
tion^ and  N mineralization  rates  at  a cons 


basis  of  wacer  potential.  The  equation  for  N mineralization,  (tq.  Ill) 
was  based  on  the  data  of  Stanford  and  Epstein  (1974)  and  described  the 
relationship  of  N mineralization  rate  (k)  at  any  water  potential  (9) 


s decrease  more  slowly  at  water  potentials  less 
chan  -10.0  bars  and  Che  race  of  decrease  is  directly  proportional  to 

ization  rates  decrease  sharply  as  wacer  potentials  increase  from  field 

n (Sindhu  and  Cornfield,  1967;  McKay  and  Carefooc,  1981). 


5 produced  by  organisms 


conditioned  by  temperature  (Alexander,  1961).  The  effects  of  tempera- 


nutrient  being  analyzed. 


a nutrient  and  chemical  form  of  the 
heterocrophs  are  mesoohiles  with  an 
3 co  35°C  (Dickinson,  1974).  Early 


experimentation  demonstrated  a general  increase  in  organic  matter 
decomposition  (Waksman  and  Gerrescsen,  1931;  Work,  1938)  and  mineraliza- 
tion rates  (Panganiban,  1925;  Russell  et  al.,  1925)  with  cemperacure 
increases  in  the  5°  to  35°  centigrade  range.  More  recently,  these 
increases  have  been  quantified.  Stanford  ec  al.  (1973)  analyzed  the 


They  concluded  that  the 


Similar  values  for  N mineralization  have  been  reported  by  other 
researchers  (Powers,  1980;  Hsieh  et  al.,  1981). 

The  bacteria  responsible  for  ammonification  are,  in  contrast  to 
most  heterotrophs,  thermophilic.  Optimal  temperatures  for  these 
organisms  are  between  40°  and  60°C.  At  these  temperatures,  nitrifica- 

by  Justice  and  Smith  (1962),  may  occur.  Cold  temperatures  (less  than 
7 C)  also  favor  build-ups  of  NH,  in  the  soil  as  a result  of  almost 
complete  surpression  of  nitrification  (Harmsen  and  Kolenbrander,  1965). 

Phosphorus  mineralization  processes  have  received  less  attention 
than  N mineralization.  Like  ammonification,  phosphorus  mineralization 
is  favored  by  temperatures  in  the  thermophilic  range  and  is  slow  below 
30  C (Thompson  and  Black,  1947).  Thermodynamically  controlled 
immobilization  processes  also  occur  at  more  rapid  rates  at  higher 
temperatures,  thus,  measured  phosphorus  release  may  not  parallel  actual 
mineralization. 


temperature  and  moisture 
ad  study.  Justice  and  Smith 


(1962)  investigated  the  mineralization  of  organic  N to  NH.-N,  N0,-N, 


factors.  A more  recent  study  by  Cassman  and  Munns  (1980)  does;  however, 
investigators  incubated  soils  at  4 temperatures  and  6 moistures  in  a 


combination.  Nitrogen  mineralization  races  at  high 


slightly  above 


predicted  by  a purely  additive  model. 


Disturbance.  Few  quantitative  studies  have  been  conducted  to 
examine  the  effects  of  physical  changes  associated  with  disturbance 
on  mineralization  rates.  Most  laboratory  studies  have  utilized 
homogenized  tissue  and/or  soil  samples  without  an  undisturbed  control. 
Results  published  by  Kaunisto  and  Norlamo  (1976)  are  a notable  exception. 
In  their  study  of  peat  soils  they  demonstrated  that  rotavation  Increased 

undisturbed  control.  The  impact  of  rotavation  was  greater  at  higher 
temperacures.  Results  similar  to  these  have  also  been  reported  follow- 
ing mixing  of  coniferous  humus  (Salonius,  1978). 


Soil  characteristics.  Development  of  a useful  □ 
ing  the  mineralization  potentials  of  different  soils 
difficult.  Nitrogen  mineralization  has  received  the 
Correlations  between  total  soil  N and  N mineralization  across  soil 
types  are  poor  (Harmsen  and  van  Schreven,  195S).  Organic  materials 
.n  different  states  of  degradation,  are  not 
o decomposition  (Mikola,  1954 ! Voight,  1965; 

s physical,  chem: 


equally  susceptable  t< 

Overrein,  1972).  These  organic  subscrates,  a 
cal,  and  biological  properties  which  affect  decomposition,  vary  b< 
soils.  Thus,  it  is  not  surprising  that  correlations  between  soil 


attempted  to  circumvent  this  problem  by  utilizing  N availability 
indexes  determined  by  incubation.  These  techniques,  and  their  applica- 
tion to  forest  ecosystems,  have  been  recently  reviewed  by  Keeney  (1980). 


observed  under 
• been  reported 


Excellent  o 

controlled  conditions  and  in  situ  mineralization  hi 
for  agricultural  soils  (Stanford  and  Smith,  1972;  Smith  et  al.,  1977; 
Herlihy,  1979).  The  utility  of  these  techniques  for  estimating 
mineralizadon  from  forest  soils  has  not  been  sufficiently  investigated, 
but  the  initial  results  appear  promising.  Van  Pragg  and  Weissen 
(1973)  successfully  correlated  N released  on  incubation  to  measured 
release  from  forest  floor  materials  developed  under  spruce  but  were 
unable  to  associate  this  with  growth  responses.  Powers  (1980)  was  able 
to  correlate  measures  of  N availability,  which  were  determined  on  the 
basis  of  aneroblc  incubations,  both  with  the  quantities  of  N mineralized 
in  the  field  and  wich  the  growth  and  ft 
ponderosa  pine  (P.  ponderosa  Laws.). 


Relationships  Between  Microclimatic  Cl 


td  Mineralization  Ft 


Soil  temperature  and  moisture.  Removal  of  the  forest  canopy  and 
disturbance  of  the  forest  floor  upsets  the  relatively  stable  micro- 
te  litter  layer  prior  to 
•e  Increased,  and  minima 
soil  characteristics, 
ich  the  surface  is  exposed 
the  maximum  temperature 
site  preparation  range  froi 


: sunlight.  Reported  differences  : 
soil  surface  following  harvest  ant 


(Shultz,  1976).  Rese, 


n flaewoods  soils  o: 


increasing  intensities 


preparation. 


aforementioned  study,  Shultz  r. 


torted  that  the  average  June  maxima  at 
I double  disking;  and  burning,  double 


in  an  undisturbed  forest  was  28°C.  Similar  results  for  a flatwoods 


site  have  been  cited  by  Burger  (1979). 

Soil  moisture  increases  are  also  associated  with  canopy  removal. 
On  upland  sites  this  is  expressed  by  increased  watershed  runoff 
(Hibbert,  1967;  Stone  et  al. , 1979)  while  on  poorly  drained  sites  it 
is  evidenced  by  rises  in  the  water  table  (Trousdell  and  Hoover,  1955; 


Overall  moisture  increases  or  water  tab 
sandy  soils,  rapid  evaporation  from  the  soil 


a dry  out  the 


the  water  table  due  to  its  low  unsaturated  hydraulic  conductivity 
(Overman  and  Zakariah,  1975).  Thus,  drier  surface  soil  conditions  may 


in  situ  mineralization  rates  with  measured  changes  in  microclimatic 
conditions  have  been  reported  for  forest  ecosystems.  Changes  in 
mineralization  rates  have,  however,  been  indexed  following  harvesting 


preparation  activities  (Burger, 


Pritchett, 


have  generally  lacked  the  data  necessary  to  correlate  the  observed 

Pritchett  (1981)  monitored  changes  in  soil  solution  chemistry 
following  two  Intensities  of  harvest  and  site  preparation  in  a Coastal 
Plain  flatwoods.  He  found  that  NH^-N,  NOj-N,  P,  and  K concentrations 
were  increased  for  a six  month  period  following  harvest  and  site 
preparation.  Measured  NH.-N  concentrations  were  highest  in  intensively 
prepared  sites  (windrowed  and  bedded)  and  reached  a peak  of  3 ppm. 

in  solution  from  the  undisturbed  control.  These  peaks  occurred  follow- 
ing dry  periods.  Peak  NO--N  concentrations  were  observed  3 months 
after  the  NH.-N  peaks  and  were  also  correlated  with  dry  periods.  In 
a study  similar  to  Pritchett's,  Burger  (1979)  reported  that  NH.-N, 
NOj-N,  P,  and  K concentrations  were  significantly  higher  in  soil 
solutions  from  an  intensively  prepared  site  (windrowed,  disked,  and 
bedded)  than  from  an  undisturbed  control.  A similar  Increase  was  not 

significantly  ii 


mineralization  from  tt 


factors:  (1)  the  duration  of  the  dry 

or  to  leaching,  (2)  the  dry  period  temperature,  and  (3)  th* 
leachate  collected. 


MATERIALS  AND  METHODS 


"Flatwoods"  are 
Cypress  ponds  si 


r mixed  slash  plne-longleaf  pine  (Plnus  paluserls 
occupy  5.2  million  ha  of  land^  extending  in  a 
eastern  Texas  through  Florida  and  Into  the  coastal 
Carolina  (Sheffield  et  al. , 1981.  mimeo  report), 
i major  landscape  vithin  this  resource  base.  They  ar* 
low  relief  and  poorly  defined  first-order  streams. 


landscape  (McCulley, 
very  poorly  drained 


<s  comprise  25-30%  of  l 
1950).  The  soils  are,  predominately,  poorly 
although  local  areas  of  well  drained  soils  occur. 

The  research  area  was  located  on  a flatvoods  landscape 
central  Florida  (Fig.  1).  Field  investigations 
experimental  watersheds  of  64,  48,  and  137  ha. 
made  to  Isolate  each  watershed  by  a serit 
imports  and  exports  were  being  monitored 


road-ditches.  Nutrient 


Naturally  regenerated  or  planted  stands  in  which  yellow  pines  con- 
stituted50%  or  more  of  the  stocking  volume  and  In  which  slash  pine 


Pig-  1 - Location 


conjunction  with  the  IMPAO-  program  at  the  University 
(Riekerk  et  al.,  1979).  Elevation  varied  less  than  2 n 

old  drainage  ditches  into  ar 


of  cypress  ponds  and 
s mean  annual  tempera- 

precipitation 


averaged  133  cm,  the  bulk  of  which  occurred  in  Che  wet  winter  and  summe: 
months  (Climatological  Bata,  Gainesville).  Winter  precipitation  was 
primarily  of  frontal  origin  while  summer  precipitation  was  usually  of 


Five  soil  series  and  one  series  variant  were  described  on  the 
research  area  (Appendix  A).  Moderately  well  drained  soils  of  the 
Stilson  series  (Arenic  Plinthic  Paleudult)  were  characteristic  of  the 


Poorly  drained  soils  of  the  Mascotte  series  (Ultic  Haplaquod)  occurred 
over  38%  of  the  area.  Spodosols  such  as  this  are  characteristic  of 
flatwoods  landscapes.  They  have  a fluctuating  water  table  which  occurs 


—^Intensive  Management  Practices  Assessment  Center,  Univ.  Florida, 
School  of  For.  Resour,  and  Conserv.,  Gainesville.  32611. 


described 


Che  Surrency  series  (Arenic  Unbric  Paleaquulc)  which 


chan  6 monchs  of  Che  year,  and  wacer  scands  on  Che  surface  for  up  Co 
4 monchs  annually.  Hose  Surrency  soils  mapped  in  WaCershed  1 were 
mapped  as  a varianc.  They  differed  from  Che  modal  cype  in  boch  depch 
Co  Che  B2eg  horizon  (deeper)  and  color  (lighcer  hue).  Two  ocher  soils 
a Terrlc  MedesaprisC  (Pamlico  series)  and  a Arenic  Paleaquulc  (Pelham 
series) were  also  mapped.  These  soils  occurred  over  less  chan  11%  of 


’ low  permeabilicy  occurred  ii 
Typically,  chis  horizon  oci 


:e  Surrency  varianc.  RooCing  was  rescricced  * 


The  vegecaclon  was  characCerlsdc  of  nacurally  regeneraCed  pine 
flacwoods.  The  chree  discincc  foresc  cypes  mapped  (Pig.  3)  were  pine 
flecwoods  proper, Donds  and  bayheads,  and  pond  margins  (Swindel  ec  al., 
1961).  Table  8 Uses  plane  species  assoclaced  with  each  of  chese  vegeca- 


The  vegecaclon  cypes  roughly  corresponded  Co 
Vegecaclon  mapped  os  flacwoods  generally  occurred 
soils.  Pond  and  pond  margin  vegecaclon  coincided 


soil  mapping  units. 


Pamlico  Series.  Preliminary  cruise 


Table  S.  Most  frequently  encountered  plants  In  vegetation  types  of 
undisturbed  forest  stands  — ' 


Flatwoods Margins Ponds 


Pinus  elliottii 


Ilex  glabra 
Myrlca  cerifera 


Pinus  elliottii 
Taxodlum  dlstichum 


Taxodlum  dlstlchua 
Pinus  elliottii 
Nyssa  sylvatica 


Myrlca  cerifera 


Suindel 


indicated  that  changes  in  tree  biomass  also  coincided 
soil  type.  Overstory  biomass  was  greatest  on  Stllson 
shrub  biomass  was  greatest  on  Surrency  soils. 


Installation  of  Permanent  Plots 

Paired  soil  and  vegetation  monitoring  plots  were  established 
within  each  of  the  3 major  soils  types  (Mascot re , Stilson,  and  Sul 
series)  which  were  mapped  on  the  research  area  (Fig.  4).  A total 
27  plot  pairs  (3  watersheds  x 3 

the  adjacent  member  of  the  plot 
5 m wide  perimeter  around  the  1( 


soil  types  x 3 replications)  were  perma- 
rvey  grid  which  had  been  established  foi 
m monitoring  plot  was  separated  from 
'air  by  a 20  m wide  buffer  strip.  A 
x 10  m soil  monitoring  plot  was  re- 


Pre-Barvest  Nutrient  Distribution 

Soil  and  forest  floor.  The  distribution  of  nutrients  in  the  organic 
and  mineral  soil  horizons  were  determined  on  each  permanent  plot  prior  to 
any  management  activities.  Samples  from  the  01  and  02  horizons  were 
collected  from  within  a 0.1  m2  steel  frame,  bagged,  labeled,  and  returned 
to  the  laboratory  where  they  were  dried  at  65°C  and  weighed.  The  entire 
sample  was  ground  to  pass  a 2 mm  screen  in  a Wiley  mill  and  subsampled 
for  chemical  analyses.  Three  replicate  samples  were  collected  on  each 


including,  the  surface  25  cm  o 
Three  replicate  samples  of  the 
were  collected  from  the  reserv. 


he  horizon  (approximately  1 m). 
.,  A2 , and  B2h  (where  present)  horizt 


A related  study  determined  nutrient 
distribution  in  standing  vegetation  by  destructive  sampling  of  the 

all  overstory  vegetation  (Conde  et  al.,  1979).  The  average  weight  of 
the  overstory  components  on  each  soil  type  were  determined  from  these 
relationships  using  the  results  of  a IX  tally  cruise.  Understory 


* determined  directly  from  sample  plot  weights  and  converted 


After  a 1 year  survey  and  calibration  period,  the  watersheds  w< 
e prepared  and  planted  according  to  the  schedule  presented  in  Tal 


sumption  while  still  permitting  machine  planting.  Trees  were  felled 


Date(s) preparation  (MS-1)  preparation  (wS-2) (WS-3) 

Nov. -Dee.  Harvest  (short  Harvest  (long  vood) 


May  Burn 


Windrow  (KC-Blade) 


bucked  to  1.2  m lengths,  and  hand  stacked  on  pallets  for  removal  on 
flacbed  trucks.  Residual  vegetation  and  slash  was  broken  up  by  chopping 

bedding  plow.  Adjacent  beds  were  about  3.5  m apart  (measured  from  crown 
to  crown).  The  area  was  machine  planted  in  November  after  the  beds  had 


settled  for  approximately  two  months.  Seedlings 


.h  intensity  hj 


ized  by  forest  industry  in  the 

turbance.  Trees  were  cut  by  a feller-buncher  and  moved  full  length  to 
the  yarding  area  by  rubber-tired  skidders.  Lateral  branches  were  removed 
in  a delimb ing  gate  prior  to  loading.  This  created  five  large  slash 
piles  per  10  hectares  of  harvested  area.  Resin  loaded  stumps  persist- 
ing from  the  previous  forest  crop  (lighcer  wood)  were  removed  for 
destructive  distillation  Immediately  after  harvest.  Residual  slash 
and  litterwas  chopped,  and  everything  except  the  unharvested  ponds, 

a shearing  KG-blade  mounted  on  a D-6  Caterpillar  tractor.  The  area 
between  the  windrows  was  then  harrowed,  bedded,  and  planted.  Bedding 
and  planting  operations  were  similar  to  those  of  the  low  intensity  site 


Post-Harvest  Nutrient  Distribution 

Litter  and  residual  slash.  The  quantities  of  nutrients  remaining 


in  Che  organic  horizons,  residual  logging  slash,  and  surface  soil  of  Che 
interwlndrow  area  (Che  planced  surface)  were  decenained  by  resampling 

and  slash  were  collecced  from  boch  Che  bedded  and  incerbedded  areas  of 
MascoCCe  and  Scilson  soils  on  each  of  Che  harvesced  waCersheds.  Samples 
were  obcalned  by  removing  all  organic  surface  materials  from  within  a 
0.1  m steel  frame.  Slash  materials  which  had  been  incorporated  into 
the  surface  soil  during  site  preparation  were  separated  from  the 
mineral  soil  by  excavating  all  material  within  the  0.1  m2  frame  to  the 
base  of  the  surface  horizon  (Fig.  5)  and  sieving  it  through  a 1 cm 

m2  samples,  was  returned  to  the  laboratory  where  it  was  dried  at  65°C  and 
weighed.  The  sample  was  ground  in  a Wiley  mill  and  the  ground  material 


51 

Stilson  and  Mascotce  soils  in  Che  concrol  watershed  in  a similar  fashion. 

On  returning  to  the  laboratory,  each  soil  core  was  air-dried  and 
weighed.  Subsamples  from  each  core  were  removed  for  oven-dry  weight 
conversion.  Bulk  densities  were  calculated  for  each  of  the  20  cores 
using  volumes  computed  from  the  recorded  information  on  core  depth.  Two 
of  the  ten  air-dried  samples  were  combined  to  yield  five  composite  samples 


w sampling 


windrows  were  determined  in  August  1979.  Each  windrow  was  numbered  an 
its  length  measured.  Cross-sectional  areas  were  determined  at  50  m in 

each  windrow.  Height  measurements  used  to  compute  cross-sectional  are. 
were  made  at  0.25  m Intervals  across  the  windrow  ignoring  isolated 

Ten  cross  section^  which  were  Co  be  excavated,  were  randomly  sele< 
ed  from  the  107  measured  cross  sections.  At  each  selected  location, 
all  material  from  within  a 1-m  wide  cross  section  was  removed  and  sepi 


e fine  branch  plusrooc  wi 
was  sieved  through  a 1 < 


All  material  was  weighed  at  ambient  moisture  in  the  field.  Three 
random  subsamples  of  each  component  were  collected,  immediately  weighed, 
and  returned  to  the  laboratory  for  dry  weight  determination  (65°C)  and 
nutrient  analyses. 


iod  which  began  at  the  start  of  the  calibration  year  and  ended  one 
r after  site  preparation  and  planting  were  completed.  One  set  of 
amic  cup  samplers,  such  as  described  by  Wagner  (1962),  was  installed 
the  base  of  each  soil  horizon  in  each  of  the  27  permanent  monitoring 
e preparation,  an  additional  tube  was  installed  at 
rizon  over  which  a bed  had  been  formed.  As  suggested 


plots.  Following 


by  Wood  (1973),  all  cups  were  preleached  with  dilute  hydrochloric  acid 
followed  by  deionized  distilled  water  prior  to  installation  in  the  field. 
Holes,  which  were  the  same  diameter  as  the  soil  solution  sampling  tubes, 
were  augered  to  the  desired  depth  and  the  solution  sampling  tubes  set 
firmly  in  place.  Three  secs  of  samples  were  collected  and  discarded 
prior  to  the  initiation  of  regular  sampling. 

Solution  samples  were  collected  on  a monthly  basis  except  during 
the  spring  of  1979  and  1980  when  the  concentrations  of  dissolved  ions 
were  expected  to  be  high  as  a result  of  harvest  and  sice  preparation  ac- 
tivities. Samples  were  collected  on  a weekly  basis  during  these  periods. 
Two  days  were  required  to  complete  the  sampling.  On  Che  first  day  all 


sampling 


to  80  centibars  applied  with  a hand  pump.  The  samplers  were  allowed  to 
collect  solution  overnight.  Samples  were  collected  the  following  day  and 
immediately  placed  on  an  ice-filled  chest  until  returned  to  the  labora- 


Some  of  the  site  preparation  treatments  imposed  on  the  watersheds 
necessitated  temporarily  removing  the  solution  somplers.  Whenever 

sleeved  with  a section  of  PVC  pipe,  thus  allowing  the  samplers  to  be 
replaced  in  the  same  hole.  In  instances  where  this  was  not  possible. 


stalled  as  near  as  possible  to  their  original  locations. 


Nitrogen  Mineralization  Process  Study 

Two  of  the  permanent  monitoring  plots,  one  Mascotte  and  one 
Stilson,  were  selected  for  intensive  studies  of  N mineralisation  pro- 
cesses in  each  watershed.  Each  plot  was  instrumented  with  a series 
of  tensiometers  with  mercury  manometers,  recording  end  maximum/minimum 
reading  thermometers,  and  mlcro-lysimeters.  Tensiometer  cups  were 

bed  areas  of  the  plot.  Three  replicates  of  the  5 and  15  cm  depths  were 
Installed,  but  the  deeper  depths  were  unreplicated.  Recording  thermo- 
meters were  installed  at  10  cm  depth  in  both  the  bed  and  interbed  areas 

beneath  the  undisturbed  surface.  Probe  leads  were  buried  about  10  cm 
deep  for  a distance  of  2 m behind  the  probe  as  a means  of  shielding  the 
probe  from  conductive  heat  transfers  with  the  soil  surface.  Two 


maximum/minimum  reading  thermometers  were  also  Installed  at  0.2  cm  and 
sunlight  by  placing  Chen  in  a short  section  of  partially  buried  PVC 


interbed  areas  of  each  plot  using  15.3  cm  diamecer  PVC  pipe  and  15  cm 
diameter  tension  plate  lysimeters  as  described  by  Cole  (1968).  The 
installation  procedure  vas  designed  co  minimize  soil  disturbance.  A 

Tension  was  placed  on  the  lysimeter  place  by  starting  a 

:er  was  siphoned  from  the  elevated  reservoir 
the  system  was  equivalent  to  the  difference 
le  siphon  and  collection  reservoirs.  Soil 
i were  equivalent,  or  less  than,  the 
'ere  drawn  into  the  ceramic  plate  displacing 
•m  the  elevated  siphon  reservoir.  The 
: system  was  adjusted  Co  approximate  the 
; at  35  cm  depth  by  raising  and  lowering  Che 


on  the  ground  (Fig.  6! 
until  the  partial  vaci 
in  hydraulic  head  bet* 

established  partial  vj 
an  equal  volume  of  wal 
partial  vacuum  placed 


siphon  reservoir. 


Fig-  6 - Construction  details  of  microlysijnecers. 


readings 


Manometer  and  maximum/minimum  tl 
a daily  basis  from  May  to  early  November  of  the  first  growing  season 

Samples  were  kept  cool  during  the  trip  to  the  laboratory  where  they  wi 


Laboratory  Analyses 

termlned  colorimetrically  following  block  digestion  (Technicon  Industrial 
Systems,  1978).  Nitrogen  concentrations  of  the  litter  and  slash  were 
determined  by  macro-Kjeldahl  (Bremner,  1965)  and  P concentrations 
following  dry  ashing  by  Che  ascorbic  acid-antimony  procedure  (Murphy 

on  ashed  samples  of  both  plant  tissue  and  litter  by  atomic  absorption. 


the  Walkley- Black 


extracted  wil 


determined  after  dry-ashing. 

Kineralirable  N was  determined 
Che  aerobic  incubacio; 
with  minor  modifications.  Five  replicate 


y Stanford  e< 
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from  each  plot  which  had  been  Instrumented  for  the  mineralization  pro- 
cess studies.  Each  replicate  was  a composite  of  ten  individual  2.5 
cm  diameter  cores  caken  to  20  cm  depth  (the  same  depth  at  which  lysi- 
meters  had  been  installed).  The  soil  samples  were  air-dried  and  sieved 
through  a 2 mm  screen. 


of  exfoliated  vermiculite  which  had 
The  sample  was  placed  in  a leaching 


glass  wool  plug  at  one  end.  Parafilm  was  placed  over  the  rubber  stopper 
to  prevent  volatile  carbon  disulfide  from  entering  the  leaching  tube 
during  incubation.  This  substance  is  a decomposition  product  of  rubber 
stoppers  and  has  been  reported  to  inhibit  nitrification  in  low  concen- 


trations (Powlson  and  Jenkinson,  1971). 


The  samples  were  leached  with  150  ml  of  0.01  M CaCl,  followed  by 

0.005  « Ca  ((H2P04)2.H20,  and  0.0025  M KjSOj)  prior  to  the  initial 
incubation  and  at  intermediate  leachings.  Excess  water  was  removed  t< 
approximate  field  capacity  by  applying  a 0.1  bar  partial  vacuum.  The 
cubes  were  incubated  at  35°C  in  a 982  RH  atmosphere  for  cumulative 
periods  of  7.  21,  35,  62,  and  99  days.  Leachates  obtained  at  the  end 
of  each  incubation  were  measured  and  analyzed  for  N0j-N  and  NH4-N 


Soli  Solution  and  Leachate 

Soil  solution  and  leachate  samples  were  analyzed  for  pH,  conduc- 
tivity, NHj-H,  N03-S2/,  total  N (Kjeldahl),  PO4-P,  and  total  P concen- 
trations. The  pH  was  determined  using  a glass  electrode  pH  meter. 
Conductivity  was  measured  with  a standardized  carbon-graphite  cell. 
Inorganic  forms  of  N and  P were  determined  colorimetrlcally  (Technlcon 
Industrial  Systems,  1973;  1975;  1977)  and  total  determinations  were 
usually  completed  within  96  hours  of  sample  collection.  N and  total  P 
were  determined  colorimetrically  (Technlcon  Industrial  Systems,  1978) 
following  digestion  in  2.4  N H2SO4  (Technlcon  Industrial  Systems,  1975). 


Statistical  Analyses 


Treatment  Comparisons 


e prepared)  wer 


Stllson  and  Masootte 
analyzed  as  a fully 
A required  assump- 
n watersheds  were  small  in 


replicated  factorial  design  (2  soils  x 
tion  was  that  systematic  variations  bet 
comparison  to  the  natural  variability  w 
series.  This  assumption  appeared  reasonable  in  light  of  the  large 
distances  that  separated  the  sample  plots  but  was  also  tested  during 
the  calibration  year.  Data  from  the  nine  plots  on  Surrency  soils  were 
analyzed  separately  as  these  plots  were  not  harvested  and  site  prepared. 

Analyses  of  the  treatment  effects  were  conducted  using  general 
linear  model  procedures  (Barr  et  al. , 1979).  Significant  differences 


— Includes 


using  single  degree  of  freedom 


contrasts  uhich  addressed  the  following  hypotheses  where  T represented 
the  crested  watersheds  and  C represented  the  unharvested  control: 

Ho:  The  overall  effect  due  to  the  treatments  was  not 
significantly  different  from  0. 

Contrast:  1(T1)  + 1(T2)  - 2(C)  = 0 


Ho:  The  effect  of  Che  low  intensity  site  treatment 
was  not  significantly  different  from  the  effect 
of  the  high  intensity  treatment. 

Contrast:  1(T1)  - 1(T2)  + 0(C)  * 0 


The  effect  of  bedding  was  evaluated  separately  as  a split  plot  within 
Che  main  plot  treatments  (watershed  x soil  combinations)  of  the  two 


Statistical  Analysis  System  (SAS)  programs  (Barr  e 


(y)  on  cross-sectional  area  (x) . Three  regression  models  were  fitted, 
a linear-xero  intercept  model  (Eq  (2)),  a linear  model  with  an  estimated 
intercept  (Eq  (3)),  and  a quadratic-xero  intercept  model  (Eq  [4]). 
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Mineralizable  Nitrogen  (No) 


The  contents  of  mineralizable  nitrogen  (No)  were  estimated  according 
Co  the  procedures  of  Stanford  and  Smith  (1972).  The  "best"  estimates 
of  No  (Eq.  [5])  were  obtained  by  changing  initial  estimates  of  No  by 
small  increments  until  the  r values  for  Che  regressions  of  cumulative 
N mineralization  (Nt)  over  time  (t)  were  maximized. 


- Nt)  - 1, 


[5] 


D DISCUSSION 


Pre-Harvest  Nutrient  Distribution 


Significant  differences  in  Che  chemical  characteristics  of  the 
three  soil  types  occurred.  Differences  between  the  two  flatvoods 
soils  (Mascotte  and  Stilson)  were  related  to  differences  in  pedogenic 
processes  and  horizon  morphology.  Extractable  A1  and  Fi 

s higher,  than  in  the  A1  horizon  o 


Increased  in  the  subsurface  soil  horizons,  particularly  in  association 
with  the  B2h  horizon  (Appendix  B).  Similar  increases  did  not  occur  in 
Stilson  subsurface  soil  horizons.  The  C/N  ratio  was  significantly 
lower  and  the  pH  significantly  higher  in  the  Stilson  soil  than  the 
Mascotte  soil.  This  would  tend  to  indicate  that  decomposition  races 
were  higher  in  Che  Stilson  soil.  The  lower  organic  matter  concentra- 
tion in  the  Stilson  A1  horizon  appears  to  confirm  this  hypotheses 

Extractable  concentrations  of  all  elements  were  lower  in  the  A1 
horizon  of  the  Surrency  soil  than  in  the  A1  horizon  of  either  the 
Mascotte  or  Stilson  soils  (Table  11).  Organic  matter  and  extractable 
A1  concentrations  were  high  in  Surrenay  soils  and  P was  probably 
retained  against  extraction  as  a result  of  complexatlon.  Extractable 


and  it  was  not  surprising  that  its  concentrations  were  lower  in  the 
frequently  flooded  Surrency  soil  than  in  the  less  frequently  flooded 


Only  minor  differences 


chemical  characteristics  of  Mascotte 


and  Stilson  soils  occurred  between  the  three  watersheds.  The  only 
significant  difference  was  in  A1  concentrations  which  were  higher  in 
Stilson  soils  of  the  control  watershed  than  in  the  two  treatment  wate 


sheds.  There  were,  however,  significant  differences  in  Surrency  soils 
between  watersheds.  Organic  matter  concent  ranged  from  a low  of  5.8% 

13.5%  in  the  watershed  which  was  to  be  less  intensively  prepared. 
Nitrogen  values  ranged  from  0.17%  to  0.23%  in  these  watersheds.  These 
differences  were  consistent  with  the  large  variability  previously 


Ecosystem  Storage  and  Distribution 

vegecacion,  forest  floor,  and  mineral  soil  horieons  were  presented  for 
each  soil-vegetation  association  in  Tables  12-14.  Only  minor  differ- 
ences in  total  nutrient  concent  and  distribution  pattern  existed 
between  the  two  flatwoods  soils.  The  marine  sands  from  which  these 
soils  were  developed  were  low  in  primary  minerals  and  this  was  reflected 


-^Marois,  K.  C.  1980.  Natural  and  management  related  variation  in 
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in  che  mineral  horizons  o 
14. 5 kg/ha  extractable  P. 

decrease  in  excraccable  P 


Phosphorus  is  readily  adsorbed  by  organo- 
dic  horizon  (Pritchett,  1979)  and  the  overall 
may  have  been  due  to  accumulation  of  insoluble 
e N contents  of  the  Mascotte  and  Stilson 

low.  They  were  somewhat  higher 
by  Burger  (Table  1),  but  were 


based  on  a deeper  profile. 

The  relative  quantities  of  nutrients  in  the  four  major  components 
differed  for  the  two  flatwoods  soils.  Larger  quantities  occurred  in 

chan  in  the  Mascotte  association  reflecting  better  tree  stocking  on 
Stilson  soils.  A somewhat  denser  understory  occurred  on  Mascotte 

mineral  soil  horizons  were  almost  identical. 

Che  Surrency  soil  (Table  14)  was  relatively  large.  The  N content  of 
these  horizons  averaged  over  10,000  kg/ha.  This  was  3 times  greater 
than  N storage  in  either  of  the  flatwoods  soils,  and  would  appear  to 

flatwoods.  Apparently,  decomposition  and  mineralization  were  slow  in 
these  soils.  This,  coupled  with  a low  soil  pH  which  inhibited 
nitrification,  and  a low  fire  susceptability,  could  have  prevented 
large  gasseous  N losses  through  denitrification  and  volatilization 


and  resulted  ii 
contents  were  i 


reflected  b; 


i the  relatively  high  N storage.  Phosphorus  and  K 
ilso  greater,  but  in  much  lower  proportions. 
i is  shade  intolerant  and  self  prunes  readily.  This  was 
le  relatively  small  quantities  of  nutrients  stored  in 
:hes  and  foliage  of  this  forest.  Less  than  351  of  the 

associated  with  these  components  on  the  Mascotte  and  Stilson  soils.  The 
relative  contribution  of  branch  and  foliage  components  to  the  total 
overstory  nutrient  storage  was  only  slightly  greater  than  this  on  the 
Surrency  soil.  These  percentages  are  lower  than  percentages  which  have 
been  reported  for  sites  characterized  by  shade  tolerant  conifers 
(Weetman  and  Webber,  1972;  Foster  and  Morrison,  1976;  Green  and  Grigal, 
1980)  or  hardwoods  (Duvigneaud  and  Denaeyer-DeSmet,  1970;  Whittaker  et 
al.,  1979).  Reported  percentages  for  N and  P range  from  60-702  and 
20-552,  respectively,  on  these  sites.  Percentages  reported  for  stands 
of  other  southern  pine  species  are  generally  between  values  reported  by 
these  investigators  and  the  values  reported  for  flatwoods  in  this 
study.  For  instance.  Wells  and  Jorgensen  (1975)  reported  that  552  of 

of  the  16  year  old  loblolly  pine  plantation.  From  these  data,  it  can 
be  concluded  that  total  above-ground  harvests  would  increase  nutrient 
removal  above  removals  occurring  in  bolewood-only  harvests  proportion- 
ately less  on  flatwoods  sites  than  in  most  forest  ecosystems. 

The  nutrient  content  of  Che  understory  vegetation  and  organic 
soil  horizons  was  twice  as  large  as  Che  overstory  nutrient  content  on 
both  the  Mascotte  and  Stilson  soil.  This  represented  over  102  of  the 


activities  which  n 
rapidly  deplete  thi 


e materials  from  the  planting  surface  coul< 


Swindel  et  al.  (in  press)  estimated  biomass  removals  from  the  two 
harvested  watersheds  based  on  regressions  developed  using  data 
collected  on  the  27  permanent  biomass  plots  in  conjunction  with  a 1% 
cruise.  Predicted  values  were  101  and  137  metric  tons/ha  (green  weight) 
from  the  less  intensively  and  intensively  managed  watersheds,  respec- 
tively. These  estimates  compared  reasonably  well  with  actual  weights 
recorded  at  the  woodyard  of  104  and  112  metric  tons/ha,  respectively. 

appeared  to  be  related  to  harvesting  pond  edges  and  the  contribution  to 
these  differences  by  the  two  harvesting  techniques  was  probably  small. 

Nutrient  removals  during  harvest  were  estimated  from  the  data 
presented  in  Tables  12  and  13  using  the  simplifying  assumption  that 

The  average  removals  from  the  two  watersheds,  based  on  the  relative 
proportion  of  Mascoete  and  Stilson  soils  and  89%  overall  merchantability 
(calculated  from  Swindel  et  al.,  in  press),  were  95,  17.4,  25.3,  102, 
and  19  kg/ha  of  N,  P,  K,  Ca,  and  Mg.  respectively.  These  removals 
compare  favorably  with  reported  removals  for  other  natural  stands  of 
slash  pine  (Burger,  1979),  but  are  considerably  less  chan  removals 
from  fertilized  slash  pine  plantations  (Pritchett  and  Smith,  1974). 


p.) 


e only  ecosystems  for  which  lower 

Webber,  1972). 

Conventional  wisdom  holds  that  branches  and  foliage  are  a major 

(Boyle  and  Ek,  1972;  Kimmins,  1977;  Aber  et  al.,  1978).  These  data  do 

chan  a merchantable  bolewood  harvest  (Weetman  and  Webber,  1972),  complete 
above-ground  tree  removal  would  Increase  N and  P removal  only  472  and 
142,  respectively.  The  125  kg/ha  of  N which  would  be  removed  from  Che 


t Distribution 


Windrow  dimensions.  Approximately  5.2  km  of  windrow  were  formed  oi 
to  the  2.52  m average  di 


:a  (Fig.  7).  A linear-no  intercept  model  (Eq.  [2]  (p-59)  adequately 


Table  15.  Characteristics  of  the  windrows  formed  during  Intensive 
site  preparation  of  watershed  2. 


Windrow  length 


ss-sectlonal  a: 


2.47  m2 


Windrow 


(621  m2/ha) 


(eg/uoj  Ojjistu)  uoipas  spjM  japw 
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predicted  the  relationship  of  both  the  bolevood  and  fine  branch  plus 
rootwood  components  to  cross-sectional  area.  This  model  satisfied  the 
premise  that  windrows  of  zero  cross-sectional  area  had  zero  component 
weight.  The  choice  of  the  regression  model  to  be  used  for  describing 
the  relationship  between  soil  weight  and  cross-sectional  area  was  more 
difficult.  Both  the  linear  model  with  an  estimated  intercept  Eq.  [3] 
and  the  quadratic  zero-intercept  Eq.  [4]  model  resulted  in  r values  of 
about  .90  (Fig.  8).  The  linear  model  was  chosen  for  subsequent  analyses 
because  it  provided  more  conservative  estimates  at  very  large  cross- 
sectional  areas,  and  reflected  the  observation  that  small  windrows 

From  Fig.  7 it  is  evident  that  a windrow  of  average  cross- 


sectional area  (2.47  m ) contained  about  10  times  more  soil  (by  weight) 

An  average  of  153  metric  tons/ha  of  soil  material  were  moved  during 
the  windrowing  operation  (Table  16) . Glass  (1976)  estimated  that  5 cm 
of  topsoil  was  displaced  during  construction  of  windrows  in  the  Pied- 
mont of  North  Carolina.  Assuming  a bulk  density  of  1.2,  this  thickness 
would  correspond  to  600  metric  tons /ha  of  displaced  soil  material. 
Similar  analyses  applied  to  windrowing  operations  in  north-central 
Florida  reported  by  Burger  (1979)  result  in  an  estimated  displacement 
of  300  metric  tons/ha  of  soil  and  litter.  Thus,  the  estimated  removals 
in  Table  16  do  not  appear  unusually  large. 


Nutrient  concentration  and  content.  The  nutrient  concentrations 


(bii/uoj  ojJieiu)  uoiioss  ap|«  jaiaoi  i e ui  m6|SM  lueuodwoo 


are  similar  co  Che  concentrations  reported  for  bolewood  and  branch  wood 
of  standing  slash  pine  on  this  site  (Appendix  C).  Total  N and  extract- 
able P , K,  Ca,  and  Mg  concentrations  of  the  soil  component  were, 
however,  much  higher  than  reported  for  the  A1  horizons  of  the  two  flat- 
woods  soils  prior  Co  disturbance  (Table  10).  This  undoubtedly  resulted 
from  Che  large  quantity  of  surface  litter  and  partially  decomposed 

The  quantity  of  this  material  can  be  estimated  to  be  23  metric  con/ha 
on  the  basis  of  the  difference  between  Che  A1  horizon  soil  and  windrow 
soil  organic  matter  concentrations.  Small  windrows  contained  a higher 
proportion  of  these  nutrient-rich  materials  than  large  windrows,  hence, 

(Fig.  9)  were  used  in  conjunction  w: 


oncent  against  cross-sectional  ai 
l measured  cross-sectional  areas 
rents  of  windrows  on  an  area 


basis  (Table  16).  The  displacement  of  nutrients  during  the  windrowing 
operation  roughly  paralleled  the  displacement  of  the  individual  compo- 

component.  The  303  kg/ha  N moved  with  the  soil  component  was  approxi- 
mately 10  times  greater  than  the  N moved  with  either  of  the  woody 
components.  The  displacements  of  P,  K,  Ca  and  Mg  were  also  highest  in 

greacer  quantities  of 


'f  N displaced  by  windrowing  w. 
nt  of  this  flatwoods  e< 


Che  litter  layer 


be  disproportionately  important  to  the  nutrition  of  the  young  plantation. 
The  P,  K , Ca,  and  Mg  contents  of  the  windrow  represented  a displacement 
of  between  20  and  40  percent  of  the  total  nutrient  reserves  of  the 
ecosystem  {Tables  13-14) . These  percentages  would  have  been  lower  if 

extractable  fraction,  were  used  to  calculate  soil  reserves.  Neverthe- 
less, these  displacements  were  significant,  exceeding  Che  harvest 
removals  of  all  macronutrients.  No  natural  mechanism  for  effectively 
returning  these  nutrients  to  the  windrow  area  exists  and  these  displace- 
ments represented  unnecessary  removals  from  the  planting  surface. 


Mineral  soil.  The  impacts  of  harvesting  and  site  preparation  on  the 

surface  (organic  and  A1  or  Ap)  horizons  of  the  permanent  plots  on  the 
Mascotte  and  Stilson  soils.  Most  differences  were  small.  The  most 
significant  effects  were  physical  (Table  17) . The  bulk  density  of  the 
surface  soil  horizon  was  Increased  an  average  of  0.06  g/cm3  on  Che 
harvested  and  site  prepared  watersheds.  Although  the  site  preparation  x 
soil  interaction  was  not  statistically  significant  (a  ■ .05),  it  does 

intensive  site  preparation  than  Che  Stilson  soils.  The  destruction  of 
macropores  during  the  disking  operation,  followed  by  soil  settling 
during  wet  periods,  was  probably  responsible  for  much  of  the  observed 
increase  in  bulk  density.  This  process  would  be  expected  to  influence 
the  Mascotte  soil,  which  had  a lower  initial  bulk  density  and  was  wetter. 


§ 

§ l i 


CO  a greater  degree  chan  Che  Scilson  soil.  The  surface  horizons  of  Che 
prepared  watersheds  were  also  deeper  chan  Che  A1  horizon  of  Che  control 
watershed  as  a result  of  A1  and  A2  horizon  adzing  during  the  chopping 
(both  watersheds)  and  dishing  (intensively  prepared  watershed)  operations. 
Additions  of  nutrients  to  the  forest  floor  as  logging  slash,  or 

to  measure  significant  differences  in  the  nutrient  concentration  of 
mineral  soils  of  unbedded  areas  have  been  reported  elsewhere  (Haines  and 
Pritchett,  1965;  Shultz,  1976).  Apparently,  mineralization  transfer  of 

measurably  alter  soil  chemistry  of  the  less  intensively  prepared  site, 
and  enough  mixing  of  fertile  with  infertile  soil  occurred  during  Che 


: concentrations  of  the  res 


1 material, 
treated  watersheds 


undisturbed  control  ( 


for  K which  averaged  2 


Che  control.  It  appears 
o factors:  (1)  measured 


o accelerated  leaching 


significantly  different  from  the 
lie  18) . A trend  toward  Increased  contents  in 
which  roughly  paralleled  the  aforementioned 
LI  depth,  existed.  This  increase  was  significant 

surface  soil  depth  resulting 
(2)  enrichment  of  K in  the  surface 


kg/ha  oi 


Liecer  plus  slash.  The  quantities  of  residual  slash  plus  litter 
were  significantly  reduced  by  the  harvesting  and  site  preparation  treat- 
ments (Table  19).  Only  eight  metric  ton/ha  of  organic  materials  remained 
on  the  surface  of  the  Stilson  soil  after  intensive  site  preparation.  The 
bulk  of  the  litter  plus  slash  was  either  burned  or  scraped  from  the  plant- 
ing surface  during  the  windrowing  operation.  Similar  reductions  were  not 
measured  on  the  less  intensively  prepared  watershed.  It  should  be  pointed 
out  that  35  - 40  metric  con/ha  of  debris  was  left  on  the  soil  surface 
following  the  less  intensive  shortwood  logging.  Little  evidence  of  this 
addition  existed,  and  we  can  conclude  that  decomposition  roughly  equalled 
this  input  during  the  two  year  period  between  harvest  and  sampling. 

Lower  quantities  of  materials  remained  on  the  Mascotte  soil  than  remained 
on  the  Stilson  soil  reflecting  pre-harvest  differences  in  the  amounts  of 
branches  and  foliage  in  the  undisturbed  forests  on  these  soils  (Tables  12 


itter  plus  slash  materials  from  the 
less  intensively  prepared  watershed  were  always  slightly  higher  than  their 
counterparts  from  the  intensively  prepared  watershed  (Table  20).  On  the 
intensively  prepared  watershed,  fine  organics  were  burned,  removed  from 
the  planting  surface  by  windrowing,  and  more  rapidly  decomposed  as  a result 
of  thorough  mixing  with  the  mineral  soil.  The  debris  remaining  on  this 
watershed  tended  to  be  coarser  materials  with  lower  nutrient  concentrations. 
These  differences  may  also  reflect  sampling  bias.  On  the  less  intensively 
prepared  watershed  fine  organics  could  be  removed  from  the  soil  surface 
relatively  easily  because  the  forest  floor  was  intact.  These  materials 
were  difficult  to  separate  from  the  mineral  soil  on  the  windrowed  and 
disked  site  and  biased  the  sample  toward  coarser  materials  which  had 
lower  nutrient  o 


Average  nutrient  concentrations  and  contents  of  : 
residual  slash  in  the  two  harvested  watersheds  01 
after  site  preparation  and  planting. 


total  content,  kg/ha  - 


Significant  difference  between  means  (a-. 05). 


Differences  in  nutrienc  content  paralleled  those  of  litter  and 
slash  weight.  Nitrogen.  P,  K,  Ca,  and  Mg  contents  were  an  order  of 
magnitude  larger  on  the  less  intensively  prepared  watershed  than  they 
were  on  the  intensively  prepared  watershed  (Table  20) . MKlkSnen 
(1976)  pointed  out  that  the  nutrient  reserves  associated  with  litter 

indicated  by  simple  comparisons  with  mineral  soil  nutrient  content. 

Most  nutrients  in  the  mineral  soil  occur  in  relatively  stable  compounds 
which,  in  contrast  to  litter  and  slash,  are  relatively  resistant  to 
decomposition  and  mineralization.  Although  the  overall  impact  of  the 
intensive  site  preparation  was  small,  it  did  severely  reduce  the  quanti- 
ties of  nutrients  associated  with  this  fraction.  An  attempt  was  made 
to  determine  the  contribution  which  burning  made  to  this  reduction. 
Unfortunately,  sampling  variability  was  too  large  to  allow  a reasonable 
estimate  to  be  made. 


During  Bedding 


Mineral  soil.  The  effects  of  bedding  on  surface  s 

As  che  effect  of  site  preparation  activities  conducted  prior  Co  bedding 
had  been  to  increase  bulk  density  (Table  17)  ( bedding  offset  these 
increases.  However,  care  should  be  exercised  in  interpreting  this 
effect  as  the  values  reported  in  Table  21  are  averages  for  the  entire 
bed.  Bedding  did  not  reduce  the  bulk  density  of  the  horizon  over  which 

must  have  been  lower  chan  the  average  for  the  net  effect  to  be  zero. 


The  average  Influence  of  bedding  on  physical  and  chemical 
characteristics  of  the  surface  soil  of  the  two  site 
prepared  watersheds. 


Average  depth  of  the 

Average  soil  depth  al 
of  the  bed  (cm) 

Bulk  density  (g/cm  ) 


Significant  difference 


The  low  bulk  densities  near  the 

(see  p.  146) • Slight  Increases 

significant.  Significant 
have  been  reported  in  beds  elsewhere 
Pritchett,  1! 


surface  of  the  bed  may  have  contributed 
:he  less  intensively  prepared  w, 


not  statistically 
macronutrient  o 


a*  1976) . The  values  presented  ii 
averages  for  the  entire  surface  profile  and  include  mati 
within  the  bed  and  from  within  the  A1  horizon  over  whicl 
formed.  Thus,  the  measured  concentration  differences  bi 


, perhaps  below  statistical  significance. 


The  effect  of  bedding  oi 
ler  site  preparation  treatments  (Table  22) . Soil  Ca  concentrations 
•e  higher  in  the  beds  formed  on  the  less  intensively  prepared  water- 
id.  One  explanation  can  be  offered  for  this  Inconsistency.  Species 
Lyonia,  which  are  characterized  by  relatively  high  concentrations  of 
in  foliage  (Appendix  C) , were  common  on  the  less  Intensively  prepared 
ershed.  This  material  would  be  fairly  easily  incorporated  into  beds 


was  bladed  from  the  site  on  the  intensively  prepared  watershed. 

The  contents  of  total  N,  and  extractable  P,  K,  and  Mg  were  between 
40%  and  60%  greater  in  the  beds  than  in  the  interbed  area  (Table  23). 
These  Increases  represented  the  combined  effects  of  increased  nutrient 
concentrations  and  physical  increases  in  surface  soil  depth.  The  inter- 
action between  soil  Ca  content  and  bedding  was  significant  and  paralleled 
the  patterns  of  concentration  differences  previously  discussed  (Table  22). 


Interbed  Bed 


Low  intensity  site 
preparation  (WS-1) 

High  intensity  site 
preparation  (WS-2) 


Low  intensity  site 
preparation  (WS-1) 

High  Intensity  site 
preparation  (WS-2) 


10. 9^ 
13.3 


— Based  on  depths  presented  in  Table  21. 
^Significant  difference  between  means  (a  * .05). 


surface  soil.ii^ 


Nutrient Interbed Bed 


g/„i* 

N (total)  100  163* 


a/  Based  on  depths  presented  in  Table  21. 

* Significant  difference  between  means  (a  » .05). 


Litter  and  slash.  The  amounts  of  litter  and  slash  localized  In  the 
beds  depended  on  both  soil  type  and  site  preparation.  Relative  increases 
In  the  weight  of  organic  materials  were  greatest  on  the  intensively 
prepared  site  (Table  24).  The  weight  of  litter  and  slash  materials 


bed  areas.  A two-fold  increase  in  litter  weight  was  observed  for  beds 
on  the  Stllson  soils.  In  contrast,  bedding  Increased  litter  weight  only 
49%  on  Mascotte  soils,  and  resulted  in  a measured  decrease  in  total 
detritus  weight  on  Stilson  soils,  in  the  less  intensively  prepared  site. 
It  was  unlikely  that  bedding  stimulated  decomposition  to  the  degree 
where  a measurable  decrease  in  total  slash  plus  litter  weight  would  occur 
The  decrease  was  undoubtedly  due  to  the  incorporation  of  fine  organics, 
which  were  measured  as  litter  on  the  interbed  areas,  into  Che  soil 
component  of  the  beds.  This  incorporation  of  fine  organics  into  the 
mineral  component  of  the  bed  resulted  in  a lower  nutrient  concentration 
in  the  remaining  litter  and  slash  materials  because  they  tended  to  be 


The  larger  quantities  of  litter  and  slash  associated  with  the  beds 

by  Increases  in  nutrient  content  (Fig.  10) . Hie  3-way  Interaction  between 
ding,  site  preparation,  and  soil  type  was  significant  for  all  macronutriencs 
except  N.  Increases  in  the  nutrient  content  of  the  litter  plus  slash 
were  discernable  in  beds  on  both  soils  in  the  intensively  prepared 
watershed, but  were  restricted  to  the  Mascotte  soil  in  the  less  inten- 
sively prepared  watershed. 

Most  of  the  increases  in  bed  nutrient  contents  were  associated  with 
the  increases  in  the  depth  of  the  mineral  soil  and  the  increased 
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Table  24.  The  interaction  of  bedding,  soil  type,  and  site  prepar- 
ation on  the  weight  of  litter  plus  slash. 


Soil  Type Interbed Bed 

t/aii 

Hascotte  337l£'  5034 

Mascotte  418  1472 

Stllson  802  1588 


* Significant  difference  between  mi 
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(Table  21).  The  Increases 


bed  nutrient  contents  above  Interbed  nutrient  contents  contributed  by 
litter  plus  slash  were  small.  On  this  basis  It  could  not  be  concluded 
chat  the  bedding  increased  nutrient  availability  In  young  plantation 
through  slow  release  of  nutrients  scored  In  these  organic  materials. 
Rather,  such  Increases  would  have  to  be  attributed  to 
quantities  or  form  of  nutrients  stored  and  released  f: 
soil,  and  to  changes  in  microclimatic  ci 


Impacts  of  Harvest  ai 


Changes  in  the  surface  horizon.  The  pH,  conductivity,  NH^-N,  NO^-N, 
and  P04-P  concentrations  of  soil  solution  collected  from  the  surface 
horizon  of  Che  flatwood  soils  are  presented  in  Fig.  11-20.  The  values 
presented  are  mean  values  for  solution  collected  from  the  base  of  the 
Al  horizon.  All  samples  were  collected  from  the  Interbed  areas  of  Che 
monitoring  plots,  thus,  they  provide  a means  of  comparing  differences 
between  site  preparation  without  the  confounding  effects  of  bedding. 
Separate  statistical  analyses  were  completed  for  each  sampling  period. 

The  results  of  these  analyses  are  presented  In  Appendix  D. 

The  soil  solution  pH  of  the  Mascotte  soil  generally  ranged  between 
e Stllson  soil  were  consls- 
low  of  3.7  to  a high  of 

is  large.  Strong  in- 


3.5  to  4.5  (Fig.  11).  The  pH  Vi 
tently  higher  (Fig.  12)  and  ranged  from  a low  of 
6.1.  The  variability  between  sampling  periods  w. 


decreases  In  the  pH  generally  occurred  simultaneously  oi 
These  changes  did  not  appear  to  be  correlated  with  wei 
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dry  seasons.  Changes  in  pH  were  mirrored  by  changes  in  conductivity, 
which  increased  when  pH  decreased,  due  Co  Che  larger  quantities  of  H 
ions  in  solution  (Fig.  13-14).  Higher  conductivities  were  also 
characteristic  of  soil  solution  from  the  more  acid  Mascotte  soils. 

The  impacts  of  harvest  and  site  preparation  on  soil  solution  pH 
were  minor.  The  only  significant  response  occurred  during  the  early 
part  of  1980  after  the  sites  had  been  planted.  On  two  dates  the  solu 

below  3.5.  Simultaneous,  but  smal 
other  two  watersheds.  The  large  magnitude 
Intensively  prepared  watershed  may  have  bet 
acids  from  slash  and  litter  left  on  the  sit 
Significant  increases  in  conductivity  occui 


due  to  leaching  of  organic 
by  heavy  precipitation. 


e (Fig. 


-14). 


s increase  w 


in  the  less  intensively  prepared  watershed  an 
hypochesis  of  accelerated  organic  acid  leaching  during  this  period. 

There  were  no  significant  differences  in  either  NH&-N  or  NO^-N 
concentrations  between  watersheds  or  soil  types  during  the  calibration 
year  (1979-1978).  Ammoniaeal-N  concentrations  ranged  between  0.1  and 
0.7  ppm  and  were  generally  less  than  0.2  ppm  (Fig.  15-16).  The  concen- 
trations of  NOj-N  were  much  lower,  seldom  exceeding  0.1  ppm  (Fig.  17-18) 
Increases  in  both  NH^-N  and  NO^-N  concentrationsoccurred  during  the 
spring  following  harvest.  The  concentrations  of  NH.-N  peaked  at  about 
2.0  ppm  in  Mascotte  soils  on  the  treated  watersheds.  Peak  concentra- 
tions of  NO^-N  of  over  2.0  ppm  also  occurred  in  Mascotte  soils  ofboth 


during  this  period. 


during  che  spring  following 


s incenslvely  prepared  w. 


NH.-N  peak  only  reached  0.24  ppm  In 
shed,  although  NO^-N  con 

peaks  were  observed  in  Scilson  soils  on  Che  incenslvely  prepared  w, 
shed.  Solution  samplers  were  removed  during  t! 

concentrations  had  peaked  in  the  spring  and  were  beginning  to  decrease. 
Inorganic  N concentrations  rose  again  following  the  site  preparation 

growing  season.  The  partitioning  o 
forms  was  different  for  the  two  soi: 

soils  on  the  less  intensively  prepared  si 
control  watershed,  but  substantially  lowe: 
prepared  watershed.  No  Increases  in  N0,-1 
in  soil  solution  from  Mascotte  soils  in  tl 
site,  although  N0--N  read 

Partitioning  between  the  two  forms  of  inorgonic-N  were  reversed  in 
the  Stllson  soils.  Nitrace-N  concentrations,  rather  than  NH.-N,  were  el- 

intensively  prepared  and  intensively  prepared  watersheds,  respectively. 


, reaching  a peak 


in  the  intensively 


s intensively  prepared 


The  magnitude  and  duration  of  inorganic  N increases  were  not  very 
different  from  patterns  reported  by  Burger  (1979)  and  Pritchett  (1981) 
in  similar  studies.  The  observed  differences  in  partitioning  of  N into 

and  little  NR,  builds  up  in  the  soil  (Alexander,  1981).  however,  it  has 
been  demonstrated  that  a pH  of  4.5  can  be  considered  the  threshold 
value  in  flatwoods  soils  (Burger,  1979).  At  a pH  greater  than  this  value, 
nitrification  will  occur  rapidly.  The  average  soil  solution  pH  in 
Mascotte  soils  was  below  4.5  whereas  the  average  soil  solution  pH  in  Stilson 
soils  was  greater  than  4.5.  Apparently,  nitrification  was  inhibited  in 
Mascotte  soils  but  proceeded  at  reasonable  rates  in  the  Stilson  soil.  This 
difference  may  be  important.  Nitrate  is  not  tightly  held  by  the 
exchange  complex  of  the  soil  and  would  be  more  readily  leached  from  the  soil 
than  NHfi.  Runoff  from  forest  lands  with  a high  percentage  of  Stilson  soil,  or 
similar  soils,  might  be  expected  to  contain  more  NO^  than  runoff  from 

Inorganic  P concentrations  were  low  throuhout  the  entire  research 
period  (Fig.  19-20).  Small  increases  were  observed  following  mechanical 
sice  preparation  in  both  watersheds,  but  these  increases  were  only 


significant 


Bedding  effaces.  The  degree  Co  which  bedding  increased  nutrient 
availability  was  evaluated  by  comparing  nutrient  concentrations  of 

with  those  collected  at  the  base  of  the  A1  horizon  in  the  Interbed  areas 
of  the  plots.  Bedding  significantly  reduced  the  soil  solution  pH  by 

in  soil  solution  were  significantly  Increased  under  beds  on  both  soils 
in  the  intensively  prepared  watershed,  but  the  magnitudes  of  Che  increases 
were  much  greater  in  the  Mascotte  soil  (Table  26).  The 
of  NO--N  were  greater  under  beds  on  Scilson  soils.  Th< 
to  confirm  the  hypothesis  that  the  bedding  increased  n’ 


Chemical  characteristics  of  soil 

similar  soils  (Burger, 

occurred 


solution  from 

and  decreasing  average  nutrient 
unexpected,  having  been  previously  reported 
1979) . Absolute  increases  in  mean  NH, -N  am 
in  every  horizon  of  both  flacwoods  soils  following  harvest  and  site 

highest  during  Che  1979-80  water  year  corresponding  with  Che  previously 
noted  peak  concentrations  in  the  surface  horizons. 

the  Mascotte  soils  were  apparently  altered  by 


Mean  annual  soil  solucion  inorganic  N 
bedded  and  interbedded  areas  of  Che  si 
planted  watersheds  during  the  first  pc 


Sice  preparation  Soil  type  NH4-N  NO3-8  N'H4-N  NO3-N 


preparation  (WS-1) 


a/Least-squares  means. 
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less  intensively  prepared  watershed  (Table  27).  The  highest  concentra- 
tions occurred  in  the  A1  horizon  during  the  calibration  year,  A2  horizon 
during  the  treatment  year,  and  B2h  horizon  during  the  first  post-t 

may  have  been  Impeded  by  the  presence  of  the  spodic  horizon.  The  concent: 
tion  of  NH.-N  only  increased  slightly  in  the  A21  despite  the  relatively 
large  increases  which  occurred  in  Che  horizons  above  the  B2h.  This, 
coupled  with  the  low  pHs  which  inhibited  nitrification,  provided  a 
h conserved  N following  sice  disturbance. 


The  Impacts  of  Management  Activities  on  Soil  Solution  Chemistry  of 

There  were  no  significant  differences  in  Surrency  A1  horizon 
soil  solution  chemistry  between  watersheds,  and  differences  between 
horizons  (Table  29)  were  consistent  from  year  to  year.  Inorganic  N 
concentrations  might  have  been  expected  to  be  higher  in  the  intensively 
prepared  watershed,  which  had  lower  A1  horizon  C/N  ratios  (Table  11), 
but  this  difference  was  not  measurable.  Increases  in  NH.-N  or  NO.-N 
concentrations  were  not  observed  following  the  site  preparation 
activities  on  the  adjacent  flacwoods  suggesting  chat  lateral  flow  from 
the  harvested  and  site  prepared  areas  was  not  a significant  source  of  N. 

Soil  Solution  as  a Predictor  of  Runoff  Water  Quality 

The  increases  in  soil  solution  NH.-N  and  NO_-N  concentrations 
which  were  observed  in  the  Mascotte  and  Stilson  soils  following  site 
preparation  were  not  reflected  by  similar  increases  in  runoff  water  NH.-N 


e prepared  watersheds  were  etcher  equal  Ci 


the  harvested  ai 
period  {Table  30) . 

Week-to-week  fluctuations  In  runoff  water  N0,-Ji  concentrations  followed 
the  same  patterns  that  fluctuations  in  soil  solution  NO  -N  concentrations 
followed,  even  though  they  did  not  increase  following  harvest.  Significant 
correlations  between  NO^-N  concentrations  in  runoff  from  the  intensively 
prepared  and  control  watersheds, 
solution  from  Che  Mascotte  and  f 
correlations  were  probably  the  i 
ans  soil  solution 
tions  in  variable 


pith  soil  solution  N( 


edge  of  cypress  pond  where  they  could  contribute  ! 
a few  centimeters  of  precipitation.  It  would  not 
drained  Mascotte  and  very  poorly  drained  Surrency 
reflect  mineralization  fluctuations  in  these  a rear 


surface  flow  following 
; surprising  that  poorly 

then  the  moderately 


well  drained  Scilson  soils. 


e strongly  absorbed  b; 
s not  surprising  that 


water  NO^-N  concentrations  were  not  consistently  better  within 


that  changes  in  runoff  water  NO^-N  concentrations  caused  by  harvest  and  site 
preparation  of  the  flatwoods  were  small  in  comparison  Co  the  natural  variabil- 
ity of  these  concentrations  resulting  from  changes  in  microclimatic 


conditions. 
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Microclimate  of  the  Surface  Soil 

Soil  temperature.  Removal  of  the  canopy  and  insulating  litter 
layer  during  harvest  and  site  preparation  increased  surface  soil  tempera- 
tures of  both  site  prepared  watersheds  during  the  summer  of  1980  when 
N mineralization  processes  were  being  intensively  studied  (Fig.  21-25) . 
The  largest  increases  were  recorded  on  the  intensively  prepared  area 
where  complete  removal  of  the  forest  floor  during  windrowing  and  disk- 

temperatures  at  10  cm  depth  reached  32-34°C  in  interbed  areas  of  these 
plots  during  July.  Daily  maxima  in  the  control  watershed  ranged  between 
23-26  C during  the  same  period.  Much  of  the  litter  layer  remained  Intact 
on  the  less  intensively  prepared  watershed  and  maximum  soil  temperatures 

the  intensively  prepared  watershed. 

Peak  soil  temperatures  within  the  beds  were  2-4°C  higher  than  in 

sible  for  increased  bed  temperatures:  (1)  Increased  surface  area  exposure 

reduced  transfer  of  heat  energy  to  the  subsoil. 

.1  moistures  (see  next  section)  and  decreased  bulk 
eds  would  be  expected  to  contribute  to  the  reduced 
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Day-to-day  fluctuations  in  temperature  maxima  and  minima  were 
closely  related  to  rainfall  patterns.  Peak  temperatures  occurred  on 
clear  days  during  dry  periods,  and  reached  a maximum  in  early  July 
(Julian  date  = 190).  Temperatures  at  the  soil  surface  (0.2  cm  depth) 
in  the  intensively  prepared  watershed  were  greater  than  55°C  at  this 


afternoon  on  a regular  basis  at  about  this  time  and,  as  a result,  peak 
soil  temperatures  began  to  decline.  Temperature  declines  measured  at 
the  10  cm  depth  averaged  0.5  C/week  on  the  intensively  prepared  watershed 
for  the  remainder  of  the  summer.  The  rates  of  decrease  in  the  less 
intensively  prepared  and  control  watersheds  were  about  0.4°C  and 
0.2°C/week,  respectively.  The  more  rapid  declines  on  the  treated  water- 
sheds were  primarily  due  to  increased  shading  as  a result  of  vegetation 
regrowth  on  areas  that  experienced  only  minimal  litter  insulation. 

tures  were  lower  on  the  plots  following  each  rain  as  a resul 
heat  capacities  and  thermal  conductivities  of  the  wet  soil. 


Moisture  ■ Surface  soil  tensions^'  were  higher  and  more  variable 
on  the  intensively  prepared  site  than  on  either  the  less  intensively 
prepared  site  or  the  undisturbed  control  (Fig.  26-28) . The  highest 
tensions  occurred  within  the  beds,  which  approached  the  measurement 
limits  (about  650  mbar)  of  at  least  one  of  the  tensiometer  replicates 
in  the  plots  on  six  or  seven  occasions  during  the  summer.  The  values 


— Soil  water  tension  is 
has  positive  values  i 


r 

El 

r 


e averages  o 


e replicates  and 


probably  underestimate  tensions  when  this  occurred. 

The  seasonal  averages  at  S cm  depth  were  290  and  332  mbar  in  beds 

(Pig.  29).  Lower  tensions,  averaging  196  and  167  mbars,  occurred  in 
the  interbed  areas  of  the  plot.  These  tensions  were  slightly  greater 

within  the  less  intensively  prepared  watershed  were  almost  as  dry  as 

in  the  interbed  areas  of  the  less  intensively  prepared  watershed  was 

remained  intact  in  interbed  areas  of  the  less  Intensively  prepared  water- 
shed. This  material  was  an  effective  mulch,  and  evaporation  from  the 

at  15  cm  depth  were  lower  than  the  5 cm  depth  tensions,  but  appeared  to 

greater  depths  were  not  replicated  and  the  differences  between  seasonal 
overages  are  probably  spurious. 

The  differences  in  soil  moisture  at  5 cm  which  were  observed  between 
the  two  treatment  and  the  control  watersheds  were  the  result  of  differ- 
ences in  surface  evaporation.  These  values  should  not  be  interpreted 

roots  were  actively  absorbing  water.  Fig.  30  illustrates  the  sequential 
drying  of  a Mascotte  soil  on  each  of  the  three  watersheds  during  a 
precipitation-free  period  in  late  summer.  The  surface  soil  of  the 


Fig. 


Average  June  Chrough  OcCober  (1980)  soil  water  tension  In 
an  undisturbed  forest  and  In  slash  pine  plantations  on 
intensively  and  less  intensively  prepared  sites. 


(UJO)  BOBjins  uioil  MidOQ 


intensively  prepared  area,  wl 
dry  during  this  period  and  e: 
tensiometers.  The  surface  s< 


not  heavily  vegetated,  became  very 

e control  watershed  did  not  dry 

more  soil  drying  occurred  at  greater  depths  on  this  forested  watershed 
due  to  transpiration  from  the  established  vegetation.  Both  surface 
evaporation  and  transpiration  were  relatively  low  on  the  less  intensively 
prepared  watershed,  and  the  entire  soil  profile  remained  moist  during 

The  sunsner  of  1980  was  unusually  dry.  June  through  October  predpl- 

soil  surface  during  this  period.  Consequently,  little  value  could  be 
attached  to  the  bedding  operation  from  the  standpoint  of  increasing  root 
aeration.  The  data  in  Fig.  2S-30  do  not  support  the  hypothesis  that 
understory  moisture  competition  is  severe  on  less  intensively  prepared 

prepared  watershed  would  not  appear  to  have  been  under  more  moisture 
stress  than  seedlings  planted  on  the  intensively  prepared  site. 


agricultural  soils  (Stanford  and  Si 


potentially  mineralizable  N (No)  which  occurred 

Strict  statistical 
on  mineralizable  N con- 
combinations  were  not  replicated. 


r Gainesville,  ' 


Nevertheless,  a clear  pattern  existed  in  which  mineralizable  ! 

beds  where  most  of  this  increase  can  be  attributed  to  physical  it 

incorporation  of  partially 
tto  the  soil.  Increases  in  mineralizable  N 

difficult  to  explain  these  increases  in 

large  quantities  of  logging 


in  the  depth  of  N-i 
decomposed  organic 

areas  of  the  plot. 

the  less  intensively  prepared  watershed 
slash  were  left  on  the  site.  However,  l 
content  in  the  Intensively  prepared  watershed  requires  further  explana- 
tion. Almost  all  logging  slash  and  most  of  the  forest  floor  was  either 

occurred  as  the  result  of  stimulating  microbial  decomposition  of  resis- 
tant materials  by  mixing  fresh  materials  into  the  soil  during  disk  harrc 
ing.  This  process  has  been  termed  the  "priming  effect"  and  has  been 
widely  reported  (Harmsen  and  Kolanbrander,  1965).  Repeated  drying  and 
rewetting  has  also  been  shown  to  stimulate  N mineralization.  This  occut 

organisms  killed  during  the  drying  process  (Lund  and  G^ksyr,  1980). 

This  cycle  involved  greater  fluctuations  on  the  intensively  prepared 


ic  can  be  postulated  that  the  N in  litter,  residual 

raining  the  pool  of  mineralizable  N . On  the  less  intensively  prepared  water 
shed  there  was  twice  as  much  mineralizable  M in  litter  plus  slash  as 

season.  There  was  only  1/10  as  much  in  the  intensively  prepared  watershed. 
If  the  above  hypothesis  is  correct,  there  should  be  a measurable  decrease 
in  the  quantities  of  mineralizable  N in  the  intensively  prepared 

The  data  necessary  to  confirm  or  reject  the  above  hypothesis  are 
not  yet  available  for  this  research  area.  However,  data  which  seems  to 
confirm  this  hypothesis  were  reported  by  Burger  (1979).  Burger  deter- 
mined the  mineralizable  N content  of  the  surface  soil  horizon  of 
harvested,  site  prepared,  and  regenerated  flatwoods  sices  during  Che 
second  growing  season  (Table  33).  Burger  worked  on  soils  similar  to 
the  Mascotte  soil  and  his  No  value  of  2S  for  the  undisturbed  forest  was  not 
very  different  from  the  No  value  of  21  determined  for  the  Mascotte 
soil  in  the  present  study.  The  No  value  of  18  ppm  which  Burger  reported 
for  the  harvested,  wlndrowed,  harrowed,  and  bedded  site  was  significantly 

not  observed  on  the  site  which  was  prepared  by  chopping  and  bedding 
which  left  large  quantities  of  slash  on  Che  prepared  surface. 


Table  33.  The  mineralizable  nitrogen  content  of  harvested,  site  prepared, 
and  regenerated  flatwoods  soils  (unbedded  areas)  during  the 
second  growing  season  of  the  young  plantation.®' 


e preparation  method 


So  (g/m2) 


— Source:  Burger  (1979). 

-Dissimilar  superscripts  indicate  significant  differences  (a-  .05). 


Predicted  N Mineralization  and  Observed  N Leaching  During  the  First 

Prediction  of  mineralized  N . An  attempt  was  made  Co  quantify  N 
mineralization  and  verify  that  N mineralization  rates  were  rapid  enough 
to  produce  the  postulated  decrease  in  the  mineralizable  N content  of  the 
Intensively  prepared  watershed.  The  quantities  of  N mineralized  from 
M8y  through  October  of  the  first  growing  season  (1980)  were  predicted 
on  the  basis  of  measured  soil  temperatures  (10  cm)  and  moistures  (5  cm). 
The  mean  decay  rate  constant  determined  by  incubation  at  35°C  (k^o^) 
was  adjusted  for  daily  changes  in  temperature  (k  ) using  Eq.  [6]. 

kt  “ k35°c  * 1.9) (35°C  - MDT)/10])  [6] 

Eq.  [6]  was  derived  from  the  definition  of  Che  temperature  coefficient 
where  MOT  3 mean  daily  temperature  at  10  cm,  and  the  Q1()  value  * 1.9. 

forest  soils  under  conifers  reported  by  Powers  (1980).  It  provided 
a slightly  more  conservative  estimate  of  changes  in  mineralization  rate 

Mineralization  occurs  at  maximum  rates  near  field  capacity  (Sommers 
et  al.,  1981).  It  was  assumed  that  optional  moisture  conditions  were 
obtained  during  the  incubation  study,  and  that  the  measured  mineraliza- 

capaclcy.  In  fact,  Che  control  of  soil  moisture  during  the  incubation 
study  was  noc  rigid  enough  to  insure  that  optimal  conditions  were 
achieved.  The  mineralization  rates  were  probably  slightly  less  than 
and,  thus,  they  provided  a somewhat  conservative  k value.  The 
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decrease  in  decomposition  from  this  assumed  optimal  moisture  condition 
to  wetter  and  drier  conditions  was  approximated  by  adjusting  the 
mineralisation  rate  constant  determined  in  Eq.  [6]  for  moisture  (It  ) 
using  the  relationship  of  Eq.  [1]  on  page  31.  Eq.  [1]  was  based  on 
N mineralization  from  soils  of  various  textures  and  might  tend  to  predict 
higher  mineralization  rates  in  dry  sands  than  existed.  However,  the 
periods  when  the  soils  were  dry  were  of  shorter  duration  than  wet 
periods  and  no  further  attempt  was  made  to  refine  this  relationship. 

Daily  mineralization  was  calculated  by  substituting  the  adjusted 
mineralization  rate  constant  into  Eq.  [7]  and  solving  for  cumulative 
mineralization  (Nt)  for  each  day.  The  original  value  of  No  was  set  equal 
to  average  values  for  the  plot  (Table  32)  and  incrementally  reduced  by 
previous  values  of  Nt  for  successive  days. 

Nt  - No  [l-e*p(-ltat)  [7] 


The  predicted  quantities  of  N mineralized  during  the  first  growing 
season  (Julian  dates  162-295)  are  presented  in  Table  34  . Predicted 
mineralization  was  highest  on  beds  in  the  intensively  prepared  watershed. 
Values  predicted  for  the  beds  of  the  less  intensively  prepared  watershed 
were  almost  as  high.  The  interbed  values  were  lower  on  both  watersheds, 
reflecting  lower  initial  values  of  No  (Table  34)  and  lower  soil  tempera- 
tures. The  differences  were  larger  on  the  less  intensively  prepared 
watershed  where  the  differences  between  mineralizable  N content  and 
temperature  tended  to  be  greater.  The  lowest  quantities  of  mineralizable 
N were  predicted  for  the  control  watershed  where  initial  values  of 
mineralizable  N and  soil  temperature  were  lowest.  These  quantities 
approached  or  exceeded  50*  of  the  total  mineralizable  N content  of  the 
ith  harvested  and  prepared  watersheds  and  were  only 
the  control  watershed. 


slightly 


moisture  effects  and  t 
an  oversimplification. 


ire  no  interactions  between  temperature  and 
it  che  decay  rate  was  constant.  This  was  probably 
Cassman  and  Munns  (1980)  have  demonstrated  that 

.s  a dynamic  parameter  which  changes  as  Che  relative  amounts 
resistant  fractions  of  organic  substrate  change  (Hunt, 


an  oversimplification  a 


changed  wi 


' near  the  surface 


decomposition  ai 


cm  depth  would  reflect  the 
s material  more  accurately  chan 
•oil  temperatures  at 

position  was  probably  most  active  and  provided  conservative  ei 
mineralization.  Thus,  the  values  presented  in  Tab! 
a rough  approximation  of  N mineralization.  Nevertheless,  they  do 
indicate  that  much  of  the  readily  mineralizable  N present  at  the  start 
of  che  growing  season  should  have  been  mineralized  by  fall. 

Observed  N mineralization.  The  quantities  of  inorganic  N (NH.-N  plus 
NOj-N)  which  were  leached  from  the  soil  surface  (Table  35)  were  an  order 
of  magnitude  lower  than  the  predicted  quantities.  The  standard  errors 
of  che  mean  for  the  seasonal  totals  were  large,  ranging  from  30%  to  80% 
of  the  reported  totals,  thus,  che  actual  N leaching  may  have  been  larger. 


J 5 s 
*J  c 

£ 33 


of  the  absolute  difference  between  predicted  mineralization  and  observed 

The  Infrequency  of  large  rainfall  events  which  could  leach  toxic 
metabolites  produced  during  microbial  respiration  from  the  soil  may 
have  contributed  to  the  low  N leaching.  Build-ups  of  such  substances 
has  been  suggested  as  a cause  for  decreased  N mineralization  in  incubation 
experiments  (Harmsen  and  Kolenbrander,  1965).  Furthermore,  much  of  the 
mineralized  N that  was  produced  may  have  been  remetabolized  by  microbes, 
absorbed  by  plants,  adsorbed  on  the  soil  exchange  complex,  or  denitrified 
and  was  not  leached  by  percolating  water.  Thus,  it  apperars  that  little 
N was  leached  from  these  soils  even  though  a relatively  large  amount  may 
have  been  mineralized. 


Nutrient  Budgets  of  the  Harvested  and  Site  Prepared  Watersheds 

The  exports  and  displacements  of  N,  P,  and  K during  the  harvest  and 
site  preparation  of  the  less  intensively  prepared  and  the  intensively  pre- 
pared watersheds  are  presented  in  Fig.  31  and  Fig.  32,  respectively. 

Data  for  runoff  losses  are  those  of  Riekerk  (1981) . Deep  percolation 
losses  were  estimated  from  monthly  leakage  losses^and  mean  monthly 
^4*8  Plus  NO^-N  and  PO^-P  concentrations  of  soil  solution  from  the 
lowest  soil  horizon  sampled  (approximately  1 m deep) . Harvest  removals, 
and  displacements  from  the  soil  surface  during  site  preparation, were 
as  reported  in  previous  sections. 


Riekerk,  unpublished 
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The  only  significant  los 

85  kg/ha  N,  17  kg/ha  P,  and  2 
about  50X  of  the  respective  t 
tree  biomass.  Nutrients  In  t 


of  nutrients  on  the  less 
as  associated  with  harvesi 
kg/ha  X removed  during  hi 


! above-ground 

e needles,  branches,  and  understory  vege- 
tation were  added  to  the  forest  floor  resulting  in  a positive  soil 
balance.  Runoff  and  deep  leaching  losses  during  Che  treatment  year  were 
insignificant  in  comparison  to  harvest  removals,  totaling  less  than 
2 kg/ha  of  N and  0.5  kg/ha  of  P,  respectively. 

The  nutrient  budget  of  the  intensively  prepared  watershed  was  quite 
different  (Fig.  32).  Although  harvest  removals  and  dissolved  nutrient 

shed,  significant  quantities  of  nutrients  were  also  displaced  from  the 
incerwindrow  (growing)  surface  during  the  windrowing  operation.  The  373 

removal  of  these  nucrients  in  3 bolewood  harvests.  The  total  quantity 
of  N and  P removed  from  the  growing  surface  were  equivalent  to  losses 

in  an  overall  decline  in  fertility  over  much  of  the  growing  surface. 


Short  Term  Impacts  of  Intensive  Site  Preparation 

intensively  prepared  watershed  wherever  residual  slash  and  litter  were 


Table  36. 


First  year  survival,  height,  and  foliar  N concentrations  of 
slash  pine  seedlings  planted  on  the  treatment  watersheds .a/ 


Low  intensity  site  High  intensity  site 

preparation  (WS-1)  preparation  (WS-2) 


Survival  {%)  78.8 


Foliar  N (l) 

Vigorous  seedlings 
Mildly  chlorotic  seedlings 
Severely  chlorotic  seedlings 
Mean  for  watershed 


- Source:  IMPAC  Progress  Report,  Fy  80.  Task  IV.  Univ.  of  Florida, 
School  of  Forest  Resources  and  Conservation,  Gainesville, 
b/ 


particularly  heavy.  Beds  within 
amounts  of  organic  debris  and  cor 

attack  may  have  reduced  seedling  survival 

Nitrogen  nutrition  during  the  first  : 
site  preparation.  Overall  f< 
tions  of  foliar  N in  individual  vigor  o: 

higher  mineralizable  N contents,  and  mot 


root  drying.  Other  factors, 
incidence,  or  insect 

:o  support  these  contentions, 
ir  was  Improved  b: 


solution  N 
rapid  N mineralization  observed 


Improved  N availability  in  the  interwindrow  areas  of  the  intensively 
prepared  watersheds  appeared  temporary.  It  resulted  from  soil  mixing 
and  an  increase  in  surface  soil  temperatures,  both  of  which  promoted 
microbial  activity  and  mineralization  of  those  organic  fractions  most 
readily  mineralized.  Little  fresh  detritus  remained  in  the  surface  soil 
of  this  watershed,  thus,  the  pools  of  mineralizable  N would  be  expected  to 
crease  without  inputs  of  N such  as  would  come  from  decomposition  of 
these  materials.  The  pools  of  mineralizable  N,  and  N mineralization 
rates,  in  the  less  intensively  prepared  watershed  were  almost  as  large 
as  they  were  in  the  intensively  prepared  watershed.  However,  the  quan- 
tities of  litter  plus  slash  contained  in  the  surface  soil  of  this  water- 
shed were  20  times  greater  than  in  the  surface  soil  of  the  Intensively 
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prepared  watershed.  Slow  decomposition  of  this  material  should  contri- 
bute to  the  pool  of  mlnerallzable  N for  a number  of  years  and  declines 
In  N availability  would  not  occur  as  rapidly  on  this  watershed  as  they 
would  in  the  intensively  prepared  watershed.  These  declines  in 
mineral izable  N would  not  continue  indefinately,  but  would  stabilize 
as  soon  as  litterfall  inputs  from  vegetation  regrowth  became  significant. 


SUMMARY  AND  CONCLUSIONS 


itribution  and  mobilization  were  investigated 
on  three  flatwoods  forests  following  harvest  and  site  preparation  of  two 
of  the  watersheds  in  north-central  Florida.  Two  soils,  an  Ultic 
Haplaquod  (Mascotte)  and  a Arenic  Plinthlc  Paleudult  (Stilson),  character- 
ised the  harvested  area.  The  intensively  treated  watershed  was  harvested 
by  a feller-buncher,  delimbed  in  a delimbing  gate,  and  the  trees  moved 
full-length  to  a yarding  area  by  rubber-tired  skidders.  The  site  was 
prepared  for  planting  by  chopping,  lighterwood  stumping,  burning, 

treated  watershed  was  logged  by  two-man  logging  crews  using  chain  saws. 
Felled  trees  were  delimbed,  bucked  to  1.2  ■ lengths,  and  hand  stacked 
on  pallets  near  the  spot  they  were  felled.  Residual  vegetation  and 
slash  were  broken  up  by  double  chopping,  and  the  area  was  bedded  prior 

Nutrient  removal  associated  with  the  bolewood  harvests  was 
similar  on  both  sites.  Estimated  average  removals  of  N,  P,  K,  Ca,  and 


An  additional 
dl  kg/ha  Mg  were  removed  from 
sively  prepared  watershed  by 


kg/ha  N,  18  kg/ha  P,  27  kg/ha  K,  163  kg/ha  Ca,  and 
removed  from  most  of  the  growing  surface  of  Che  inten- 
windrowing  operation.  This  removal 


was  associated  with  the  large  quantities  of  soil  and  fine 

blading.  Windrows  of  average  cross  section  contained  10  times  greater 
weights  of  soil  than  either  coarse  wood  or  fine  woody  materials. 

No  differences  in  the  nutrient  content  of  the  surface  mineral  soil 

quantities  of  nutrients  in  litter  and  residual  slash  were;  however, 
severely  depleted  on  the  intensively  prepared  (bladed)  site.  Slash 
and  litter  storage  of  N,  P,  and  K on  the  intensively  prepared  site 
averaged  only  22,  1,  and  1 kg/ha,  respectively.  Similar  storages  on 
the  less  intensively  prepared  site  were  almost  an  order  of  magnitude 

Bedding  localized  nutrients  into  the  seedling  rooting  zone  on 

site  prepared  watersheds.  The  quantities  of 
re  502  greater  than  the  contents  of  these 

Most  of  this  increase  was  due  to  increases  in  the  quantity  (depth) 
e surface  soil  materials  in  beds,  although  si 


concentrations  r< 


Increases  in  inorganic  N concentrations  in  the  soil  solution 
urred  on  both  watersheds  during  the  spring  following  harvest.  The 
her  than  in  the  control  watershed  throughout 

differed  between  the  two  soils  series  investigated.  Peak  NH,_g  concen- 
trations reached  2.1  ppm  in  Che  intensively  prepared  Mascotte  soils 
during  the  first  growing  season,  but  did  not  exceed  1.0  ppm  in  Che 
Stilson  soil.  In  contrast,  N03-n  peaks  were  higher  and  more  common 


than  NH^-N  peaks  in  Stilson  soils  and  they  reached  a maximum  of  4.3  p 
during  the  first  growing  season.  Ammoniacal-N  was  the  dominant  N form 
in  Mascotte  soils  because  the  high  acidity  of  this  soil  inhibited  nit 
lues  were  higher  and  nitrification  was  n 
te  soil.  The  magnitude  of  these  peaks  w. 


fication.  Stilson  soil  pH 
as  inhibited  as  in  the  Mast 

statistically  significant 

control  levels  on  either 
watershed  runoff  were  localised  around  the  edges  of 


Interbed  a- 


surface  runoff  did  not  increase  above 
watershed  despite  the  Increased 
suggested  that  variable  source  areas  for 


determined  in  May  of  the  first  post-treatment  year  when  planted  seedlings 
were  in  their  first  growing  season.  Quantities  of  mineralizable  N in 
both  the  bedded  and  interbed  areas  of  both  harvested  and  prepared  sites 
were  greater  than  in  the  surface  soil  under  an  undisturbed  forest. 

These  increases  resulted  from  additions  of  organic  material  to  the  soil 
as  logging  slash  (less  intensively  prepared  watershed)  and  increases  in 
the  portion  of  total  soil  N which  was  in  a readily  mineralizable  form 
(less  Intensively  prepared  and  intensively  prepared  watersheds).  The 
rate  at  which  these  materials  would  be  mineralized  during  the  first 
growing  season  was  predicted  using  previously  determined  temperature, 
moisture,  and  mineralization  rate  relationships  and  daily  measurements 


quantities  of  inorganic  N leached 


lysimeters.  The  predicted  n 


e simultaneously  measured  using  i 

■f  mineralization  approached  50%  of  the 

were  from  about  2%  to  < 40%  of  that  predicted  to  have  been  mineralized. 

Analyses  of  nutrient  exports  from  the  treatment  watersheds  indi- 
cated that  harvest  removals  were  the  major  source  of  nutrient  loss. 

These  removals  were  not  excessive  and  would  probably  not,  in  themselves, 
result  in  site  productivity  declines.  Nutrient  displacements  during 

nisms  for  returning  these  nutrients  to  the  interwindrow  area  are  slow 

a rotation  period.  Harvest  removals  plus  windrowing  displacement  could 
combine  to  significantly  reduce  the  site  productivity  of  the  interwind- 
row area  of  the  intensively  prepared  watershed. 

Seedling  survival  and  first  year  growth  were  better  on  the  inten- 
sively prepared  watershed  than  on  the  less  intensively  prepared  watershed. 
Foliar  N concentrations  were  also  higher  in  seedlings  from  the  inten- 
sively prepared  watershed.  The  increased  N availability  indicated  by 
these  higher  foliar  concentrations  was  consistent  with  increases 
observed  in  soil  solution  N concentration,  mineralizable  N content  of 
the  surface  soil,  and  predicted  N mineralization  rates.  However,  the 
higher  rates  of  mineralization  and  N availability  observed  on  the 
intensively  prepared  watershed  were  probably  temporary.  They  will 
apparently  decrease  below  Che  levels  observed  in  the  less  intensively 


prepared  watershed  further  into  the  rotation  b 
detrital  material  left  on  the  intensively  prepared  wi 

If  these  calculations  are  correct,  one  might  expect  a decline 
in  productivity  of  second  and  subsequent  pine  rotations  on  sites  pri 
pared  as  intensively  as  the  Intensively  prepared  site  of  this  study 
unless  fertilization  of  other  remedial  measures  are  undertaken. 
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Miscellaneous**/  Foliage 


'Composite  sample  of 


unidentified  shrubs 
of  total  biomass. 


APPENDIX  D 

STATISTICAL  DESIGNS  AND 
SUPPORTING  ANALYSES 


Analysts  of  variance  used  Co  analyze  the  effects  of  harves 


df 

Source 

Group  1— ^ Group  2^  Group  3—^ 

Site  preparation 

2 2 2 

Site  preparation  a soil 

2 2 2 

12  12  12 

Total 

17  17  17 

72  162  Variable^ 

Includes  soil  and  litter  N,  P,  K,  Ca,  Mg,  Fe,  and  A1  concentrations  and 
contents,  litter  weight,  soil  pH,  soil  organic  Batter,  and  soil  C/H 

—^Includes  soil  bulk  density  and  depth. 

— ^For  soil  soluclon  pH,  conductivity,  NH^-N,  NO^-N,  PO^-P , total  N and 


— Degrees  of  freedom 


consideration. 


for  subsampling  error  ranged  from  0 for 
depending  on  the  element  and  water  year 


Table  40.  Split  plot  analysis  used  to  analyze  the  effects  of  bedding  on 


Bedding 
Bedding  x soil 
Bedding  x site 
Bedding  x soil 
paration 


Subsampling  error  96  216  Variable-*' 


contents,  litter  weight,  soil  pH,  soil  organic  matter,  and  soil  C/N  ratio. 
—^Includes  soil  bulk  density,  soil  depth,  bed  width. 

d/Ranged  from  136  to  224  for  analysis  by  water  year  depending  on  the 
parameter  being  analyzed  and  the  year  under  consideration. 


Analysis  of  variance  used  Co  analyze  Che  effeccs  of  harvest  and 
sice  preparacion  of  Che  adjacenC  flacwoods  on  Che  soil  solucion 
chemiscry  of  che  Surrency  soils. 


Analysis  of  variance  used 


— Includes  wacer  from  pond  surface. 

— ^Subsampling  error  ranged  from  A3  Co  193  depending  on  Che  element  being 
analyzed,  soil  type,  and  mater  year  under  consideration. 
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